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THE ELI WHITNEY 


METROLOGY LABORATORY 


Your NEW Auditing Source 
Dimensional Standards 


For 


American industry now has a new auditing source for dimensional 


For a more comprehensive account 
of the facilities and capabilities of 
the Eli Whitney Metrology Labora- 
tory, request Bulletin ML-1-56 from 
The Sheffield Corporation, Dayton 1, 
Ohio, U.S.A., Dept. 22 


New Phone Lincoln 5577 


standards at all precision levels. 


In a maximum controlled environment—vusing instruments similar 
to those of the leading national standards laboratories of the world, 
the Eli Whitney Metrology Laboratory offers the following services: 


© Calibrate and Certify: 


® Dimensions of gage blocks, 

mechanical components and 
fixed size master gages in- 
cluding thread gages and 
threaded parts. 


@ Flatness and surface finish of 


optical true planes. 
® Material hardness. 


@ Fineness of textile fibers. 
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@Circularity and graduations of 
precision circles—also circular- 
ity of manufactured compo- 


nents. 


@eBoundoaries of contoured 
masters. 


© Provide a counseling 


service for the development 
of industrial dimensional control 
and gage surveillance pro- 
grams. 
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Best for every |.D. grinding job you de 


Norton wheels spread the “Touch of Gold” 
across the internal grinding range 


High Production At Lowest Cost. Norton wheels for in- 
ternal grinding are precision-processed for completely uni- 
form structure and identical top performance. There’s no 
fussing with timing cycles when you change wheels. 


For high production grinding, 44 ALUNDUM™, 57 ALUN- 
DUM, 19 ALUNDUM and regular ALUNDUM abrasives are all 
quality abrasives at non-premium prices. In particular, 
the new 44 ALUNDUM wheels have earned high praise from 
users in many different types of applications. For example: 

A Michigan customer reports: Breakdown was very even, 
with less glazing, exce llent cutting action, and half the dress- 
ings needed by standard wheels. “‘44’s’’ were the best ever 
used. 

From a New Jersey user the report is: The 
great for grinding sharp radii, with 30% more pieces per 


, 99 


$s are 


4, 
dressing and per wheel, and finish improved from 28 to 15 
r.m.s. 

A Pennsylvania customer says ‘‘44’s”’ are: Freer cutting 
wheels that hold form better, require less dressing and greatly 
improve finish. 

Whichever of these abrasives you use, team it up with 
the Norton G Bond, the most efficient vitrified bond ever 
developed for accurate production grinding. 

When your I.D. grinding is the toolroom type, choose 
38 ALUNDUM or 32 ALUNDUM abrasive the latter espe- 
cially for the more-difficult-to-grind steels because of its 
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Money-Saving Precision In Toolroom And Miscellane- 
ous Internal Grinding is assured by the completene { 
the Norton lin the right abrasive and bond for every 
type of job on every type of grinder. 


outstanding ability to penetrate and hold the cut. And 
with these two famous abrasives, select G or BE bonds 
both vitrified. 

Your Norton distributor will gladly arrange a test of 
these ‘“‘Touch of Gold’’ wheels in your plant. Or write to 
NORTON COMPANY, General Offices, Worcester 6, Mass. 
Plants and distributors all around the world. 
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walaking better products... to make your products better 


NORTON PRODUCTS 
Abrasives « Grinding Wheels « Grinding Machines ¢ Refractories 
BEHR-MANNING DIVISION: 


Coated Abrasives « Sharpening Stones « Behr-cat Tapes 
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Thanks to the Sections and Divisions 


As you know, the amendment to increase the annual dues by $2.00 per year was defeated 
Your Officers and Board of Directors had approved and recommended this modest increase 


Lo keep up with the ever-increasing costs of Society operation 


The present dues structure has been in effect since June 1950 despite the fact that the past 
seven years have seen some sensational rises in costs of doing business. The Society has held 
the line on increases, has cut every corner possible, has consolidated the offices in Milwaukee 
and closed. the New York office, has placed the membership records on IBM cards for more 
efficient handling and instituted other time-saving and money-saving procedures. The growth 
of the Society has forced us to discontinue complete reliance on volunteer help and has dic- 
tated the addition of several people to our payroll. Also, the wages paid to employees have 
increased, just as yours have, during this period. The costs of supply items, printing, and 


every other conceivable item has also gone up. In short, we have been experiencing inflatior 


At the recent election, only 3,233 members cast their votes out of a possible 10,479. The ASQC 
Constitution requires, for the adoption of any constitutional amendment, that 75 percent of 
the votes cast be in favor of the change. The members cast 2,357 votes in favor of the dues 
increase, but we needed 2,425. This means that the vote for the dues increase lost by only 68 


votes. In addition, 83 Sections voted in favor, while only 6 voted against the amendment 


The funds which were needed for the current operation of the Society were not forthcoming 
because of the failure of the amendment to pass. At the request of the Board of Directors, I 
personally asked the Sections and Divisions to support the Society financially to the extent 
that they were able to do so. The response has been most gratifying I, therefore, wish to 
express my thanks and that of the Executive and Operating Committees and the Board of 
Directors to those Sections and Divisions who have responded premptly and generously. I 
know that in many cases this was done despite local hardships. Below are listed those Sec- 


tions and Divisions who have notified me of their intention to assist us in this emergency 


SECTIONS Dallas-Fort Worth Metropol tan San Francisco 


Albuquerque Georgia Mexico City Scranton-Wilkes Bai 


Allentown-Bethlehem Gr. Muskegon Michigan Seattle 
Baltimore Hamilton-Middletown Mid-Hudson South Bend-M shawaka 


Binghamton Hamilton, Ont Milwaukee a Texas 
irming! Southern Connecticut 
Birmingham ~ a on ra) ern ‘ ‘ 
Buffalo Tennessee 
Huntsville Pittsburgh 
Charleston Pittsfield Toronto 
Ow; ittshel« 7 
Chattanooga lowa Wichita 


Da. > J. 
Japan Richmond, Va Worceste1 
Sheena Lincoln St. Catherines 


Columbus Los Angeles St. Louis DIVISIONS 


Cumberland Memphis San Diego Aircraft 


Chicago 


Our hats are off to you for your support, and you can be assured that we will do everything 
in our power to provide you with the improved and increased services that you deserve 
Sincerely, 
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-ritehh 
guished ladies and 
men 

After hearing Critchfield’s in- 
troduction it « ht to be 
you that, with my work 


cleal 
record, any 


sharp personnel man 


would spot me 


That being the case 


asa job noppei 
> to talk to you as 
\ let alone 

quality control. It prudent, how 
to make a virtue out of neces- 


sit} 


y. One thing th job hopping 
does is giv > ¥ al perspective 
and thus something | 
can claim 

So I will try to give you som 
impression of what the quality con- 
trol field looks like to me now with 
such perspective as I have gained 
and try to indicate some directions 
in which I think it probably will 
move and what fun it will be to 
watch it grow 

My own contacts with quality con- 
trol go all the way back to my tele- 
phone company when I was 
exposed to some of the early work 
of Snewhart. That was at least 25 or 
30 years ago. The game has come a 
long way since that tim I am 
amazed to find such a attend- 
ance here because in my day we 
talked about quality control in small 
graduate student groups of half a 
Now it has become 


a really major profession 


dozen ora dozen 


SQC, Engineering, and Common 
Sense 


This is very gratifying because as 
one who has done a bit of missionary 
work in this field, I am delighted to 
see that so many have found the true 
gospel. Quality control has become 
a specialized profession, but some- 
what surprisingly, I think, engineer- 
ing has been slow to pick it up. One 
can puzzle a little about this because 
our friends in the biological and 
agricultural fields got 
early with statistical methods and 
got used to the idea of distributions, 


acquainted 
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DR. L. R. HAFSTAD 


General Motors Corporation, Detroit, Mich. 


the limits of distributions and so or 
But, by and large, engineers we! 
slow to pick it up 
I think we have had an uphill job 
g mathematical statistics and 
quality control to engineering man- 
agement because engineers flattered 
themselves th th *y could avoid 
nsisted they could 
that the 


ut distribu- 


variability 


had the additional g 
advantage that it saved ther 
the need fo: 
plicated. mathematics that you get 

ith distribu 


lea ning about the com 


y; ail know, you ca! 
variability. You can narrow 


but it’s still there 


escape 

up the distribution 

u wish to push 

We have only re- 

enough in the en- 

start worry- 

ing about variability and statistical 
distribution 

Now, by and large, mathematical 

statistics in this field, I like to say, is 

only a quantitative expression ol 

common sense. As such, it should 

Most of us have 


puzzled about the fact that common 


be easily salable 
sense is so rare. I’m sure we've all 
discussed that in small groups. I’ve 
spe culated a little bit about this, too 
I believe as statisticians we can 
I would put it 
That good sense in itself, 


really understand it 
this way 
we all agree, is a pretty rare trait 
But if you then look for good sense, 
which is common to a relatively large 
sample of a representative popula- 
tion, you find you are dealing with a 
product of probabilities which are 
all against you, and it gets to be a 
rare trait, indeed. This is my ex- 
planation of why common sense is 
SO rare 

should be able 
to sell our ideas of using mathemati- 


As individuals we 
cal statistics to our management, but 
we have a lot of trouble doing it. I 


*Presented at the Eleventh Annual ASQC 
Convention, May 22, 1957, Detroit, Mich 


think one reason is that to a large 
extent quality control or mathemati- 
cal statistics has beccme a tool or a 
tecnnique Many p -ople who use it 
inclined to consider it as a skill 
a ritual. This isn’t quite enough 
We have to do better than that 
There is danger in too much reliance 
on ritual. If we use our technical 
jargon on management, we merely 
make them suspicious 
I'd like 


stories here 


to tell one of my favorite 


about what happens 
when you get too much involved 
don't know 


many of you have heard 


in the mechanism. I 
whether 
the story of the Irish balance, one 


y tavorite stories It goes some- 
thing like this 

The Irish farmers used to have the 
problem of weighing pigs in the old 

ys. One of the ways of doing this 
was to hunt around and find a nice 
straight plank and then hunt around 
more to find a stone with a 


some 
sharp, smooth edge to it. Then you'd 
balance the plank on the stone, put 
the pig on one end and start putting 
rocks on the other. If you did your 
job properly and carried out the 
technique well, you’d start out with 
a big rock, then a smaller rock and 
pretty soon pebbles and then tiny 

Soon you’d have the pig 
with the rocks 


Then all you had to do was estimate 


pebbles 
exactly balanced 
the weight of the rocks and, neces- 
sarily, this was exactly the same as 
the weight of the pig. And this 
solved the problem 

Now, to a large extent I think this 
sort of thing is done in some of our 
mathematical statistics approaches. 
We worry too much about the tech- 
nique and the ritual and not enough 
about the initial basic assumptions 
This leads to suspicion and mistrust 
So I would like to urge that, as 
people who are operating in this 
field, we learn to carry out ou 
ritual in private and learn to trans- 
late both the assumptions, the 
ments, and the conclusions into plain 
with 


argu- 


English so ordinary people 





conmimon sense can understand what 
we are talking about 


Statistics in the Engineering Field 


It is pretty clear that much 
impetus for quality control in re¢ 
days has been given by the « om le 
ity of our modern technical devices, 
We have 
learned a lot about quality control, 


I think 


distinguish 


particularly in the military 


reliability, and performance 
it is important that we 
carefully between performance and 
reliability and realize that perform- 
ance is something that can be meas- 
ured but reliability is someth ng 
that must be predicted 
This gets us into the 
field. We have learned in recent 
years that it is not enough to ke 


probability 


improving our components and 
depend on really good compone! 


to give high performance for a com- 


plex assembly ol es The I 
/ ‘ 


have to be 
taken into account. We can do much 
even 1OW in improving oul com- 
ponents. Certainly, this has to be 
done 3ut I think here is a field for 
business. We 


must determine how much gain we 


interactior 


real research in ou! 


cal make by components and how 
have to make to get the 


performance and reliability in the 


much we 


assembled device by design and con- 
struction improvements 

Somewhere recently I read a quote 
that quality must be designed and 
built into a device—it cannot be 


tested into the device This cannot 


be too much emphasized 


There is a 
to feel 


that if you want better perf, rmance 


tendency in some quarters 


you narrow up your tolerance limits 
and that somehow this improves the 
performance. It doesn’t necessarily 
follow 

There are othe 
think much more research can be 
done and needs to be done The 
business of quality control charts and 


areas where I 


all of this which 
subject 


three sigma limits 
used to be a _ research 
has now become standard practice in 
our factories. This part seems to be 
pretty well under control. But the 
question of what we do when we go 
out of tolerance is not fully under- 
stood, because once you start getting 
points out of tolerence you have 
many choices before you, and it isn’t 
If you take 
your observations too close together, 


clear how to optimize 


you are doing a lot of unnecessary 
work. If you have your observations 
spaced too much, you may run a lot 
of defective material before you start 
the correction 

Here is one place where I think 
this business of operations research 


must be brought back into our busi- 
ness of quality control—to figure out 
an optimum sampling system, or an 
efficient sampling system, so you get 
the most information with the least 
possible expenditure of effort and 
dollars. We cannot separate out qual- 
ity control into a special little ritual 
in which you can become expert and 
not get the ramifications of it into 
other fields 

I think it is our job to move on 
into systems analysis and here peo- 
ple trained in statistics have a real 
advantage over engineers not so 
trained, becaue you are used to deal- 
ing with many variables at the same 
time. By and large, an engineer is 
used to controlling his devices and 
his processes in such a way that he 
changes only one variable at a time 
But statisticians 
are used to dealing with materials 


This is comforting 


in which you have many variables 
and when you start dealing with 
complex systems, this is what you 
are up against. Here again, I think, 
the mathematical statistician has 
much to contribute 

Now as to the scale of the problem 
we tace, most of you are familiar 
with this. For some who are hearing 
these figures tor the first time it 
might be interest to know that 


according to Air Force igures it 
costs about two dollars for mainte- 
nance for every dollar of expendi- 
tures for equipment. This becomes a 
very big investment, indeed, and in- 
dicates why it is that performance 
and reliability are really worth a lot 
of dollars. We can justifiably spend 
a lot of money to get it. 

Another way of emphasizing this 
is to give you a figure of this kind 
In order to add a 6-kw electrical load 
to an airplane—let’s say for heat- 
ing filaments of vacuum tubes—the 
plane weight is increased by 1540 
pounds, in this example, and the cost 
of the plane by 60.000 dollars. It is 
a fairly 

money 
reliable, 


evident that it should be 
good investment to spend 
in developing components 
small energy consuming components 

and save some of the 60,000 dol- 
ars. Also, it should be clear that 
with such a premium of space and 
weight saving, an excessive safety 
factor becomes a great luxury, in- 
deed 

One may ask why it is so difficult 
to get sufficient attention paid to 
reliability and the development of 
components? One can cite the fact 
that as 
such as airplanes or guided missiles, 
are made, only a fraction of them 
are good. The other fraction is bad. 

Reliability studies and a reliability 
team could greatly increase the num- 


complicated mechanisms, 


ber of good units that are produced. 
But it is difficult to get money to 
pay for reliability teams. Why is 
this? It seems to me that eliminating 
failures should be just as valuable as 
increasing production. We have all 
learned in mathematics that two 
negatives make a positive, so that 
the reliability team is producing just 
as much as the assemblers 

But this is not in accord with 
bookkeeping practice. I think it is 
worth speculating on the fact that 
reliability people are overhead and 
non-productive people even though 
I’m sure they can eliminate a lot of 
Here is some very simple 
mathematics which we _ haven't 
learned to take advantage of up to 
the present time 

In the reliability field, particularly 
in fatigue testing which is of much 
interest to the automotive industry, 
I think recent developments along 
the lines of the Weibull approach 
very effective. It 


failures 


have been very, 
has the great advantage of reducing 
data to straight line plots and this 
is much more simple to use and in- 
terpret It seems to me that we 
could go much further in that direc- 
tion even in components for elec- 
tronic and other apparatus than we 
have done in the past 

However, this is not the whole 
story because in the kind of things 
we are now working with—let’s say 
guided missiles—it isn’t too helpful 
to know the number of hours up to 
which ten percent of the components 
will fail. In a guided missile you 
don’t want any of the components to 
fail. You can’t afford it. And I 
would add (now learning about the 
automobile business) the way auto- 
mobiles are built and used, I don’t 
want automobile parts to be failing 
ten percent of the time, either. What 
I’m interested in is the length of 
time up to the first failure or how 
much time can you depend on before 
you get the first failure? How steep 
can we make the onset of failures? 
And can we devise a safety factor 
such as the mechanical engineers 
used to use in their designs which 
will keep us well below the onset of 
failure? Or, if we can’t do that, at 
least we ought to have some quanti- 
tative measure of the separation be- 
tween the operating point and the 
onset of failure 

This brings us back to the engi- 
neering side and indicates why we 
have to have close interaction be- 
tween the statistical quality control 
people and the engineers. It seems 
to me that as engineers we have to 
devise more uniform materials in 
the ball bearing race, for example. 
We ought to design ball bearings so 
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that they all fail at the same time 
like the one horse shay and don’t 
start dribbling in with failures at 
about ten percent or one percent ol 
the life of the longest lived ball bear- 
ing. This is a problem for the metal- 
lurgists and the engineers, but it’s a 
problem for you people to develop 
tests and evaluations which will give 
us a measure of how close we are 
coming to that particular goal 


Quantitative Common Sense in Fields 
Outside Engineering 


I’ve talked mainly about statistics 
in the engineering field. I would 
like to turn now to a little broader 
approach. It seems to me there is 
plenty of room for quantitative com- 
mon sense—and this is what we are 
custodians of, remember?—in lots of 


fields outside of engineering. We 
must get into systems engineering 
involving perhaps the operator as 
well as the mechanical device. Who, 
for example, is doing quality control 


I think the 


statistician and the engineer have to 


on automobile drivers? 


get more heavily into the field of 
Here I'd like to quote a 
Cordine: 


Company, 


economics 
short paragraph from M1 
of the General Electric 
which I think is very pertinent. He 
Says 

“Management (that’s 
talking about and I think the same 
thing applies to us as industrial en- 


what he’s 


gineers) must go beyond the tradi- 
tional assignment of making material 
things. And beyond this traditi- 

assignment lies a whole spectrum of 
political and social responsibilities 
that are urgently clamoring for at- 
tention. These responsibilities must 
be managed with the same energy 
and effectiveness that the manage: 
now accords to his material work 
If he does not (and here I’m quoting 
Cordiner), I am afraid the profes- 
sional manager will become as obso- 
lete as the tycoon, and the work of 
management will be taken over by 
the state with political officials doing 
the planning and 
while domesticated bureaucrats, the 


policy guidance 


professional ex-managers, are as- 
signed such administrative details as 
producing and selling goods. If these 
seem to be unwarranted fears, sim- 
ply look at what has happened 
around the world in the past 40 
years. The totalitarian states and the 
so-called mixed economies, which 
characterize most of the globe today, 
owe their existence in part to busi- 
nessmen who failed to measure up 
to the full responsibilities of a free 
society and a free market.” 

I think this is a very serious and 
profound statement and I think it 
indicates and suggests that indus- 
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trial engineers have to move on into 
the field of economics as well as into 
the straight manufacture of goods 
and materials As 
moves into this field, engineers with 
a background in statistics and statis- 
ticians with a background in engi- 
great contribu- 


management 


neering have very 
tions to make 

My discussion now 
subject of operations research, which 


leads to the 


I have been watching for some years 


I think we are on what I like to call 
the second bounce. As with so many 
new things, there is a period of skep- 
ticism, followed by a pel iod of enor- 
mous enthusiasm and an expecta- 
We've 


through that stage with operations 


tion of magical results been 


research Then you o through a 
period of disillusionment and only 
after that do you come to what I call 
and you start 


the second bounce, 


] | 
is SoO11da 


, 1 
which 


that we are 


developi: v something 
and serious. I think 
approaching that stage in operations 


research a he present time 


The Need for T-Men 


As you know, in this field it has 
proved very useful to have what are 
usually called task forces attack a 
problem. You bring in 

} 


with varied back- 


a number of 
spec ialists, usually 
grounds, and put the 


team which tac 


pe ople must 

backgrounds 

oh 

T-shaped 

you've hea f ha expresslo! be 

apt one 

gnments, it 

almost neces- 

e really 

expert m ld or other. It 
what 


. 4 . . 
field is, s ng ; he has depth 


doesn’t li I ) much 


some 1e© 
appreciation I wnown ana 
wnat cal gives him 


' . 
tolerance I I xpert opinion 


te ‘ 
But he mi all and narrow 


that 1S RnOW ni\ the 


he is likely to 
You have 


ugh breadth in 


Otherwis« 
and useless 
this individual so 
that he can understand what the 
other experts are talking about. He 
must hi th 


low the al 


mental agility to fol- 
this is 
T-shaped man 


guments. And 
why we 
because you it often have a man 
This is 


contrary to nature, but you can have 


who is both road and tall 


one who is deep in his specialty and 

tolerant of other people’s opinions 
The group here, I think 
of just that kind 


’ ; 
inciuaes 


reasons Why I leel 


there is so much need for this kind 
of a group and this kind of thinking 


Some Problems to Consider 


I would leave you with a few 
problems to puzzle about in your 
would urge you to 
continue th > remal kable 
you have made in your specialty, 
and to broaden out and take a look 
other fields, particularly 


ystems analysis, operations research 


spare time. I 


progress 


at some 


and economics 

I would ask you to ask yourself 
what are the economic, social and 
political implications in referring to 
the gain and productivity that our 
technological society produces as 
‘labor productivity.” As mathemati- 
cians we are used to looking hard at 
our definitions. Economists use the 
word “labor 


something that 


productivity” to cover 
involves several 
terms rather than a single one. I 


think this 
for the supply of scientists and engi- 


has serious implications 


neers and, therefore, for our indus- 
trial future 

Again, I would mention the thing 
which I touched upon before I ask 
you what are the economic implica- 


tions of calling the work of quality 


] 


control reliability peo- 


labo 4 This ap- 
plies also to engineers, as you know 

I would like to ask then how does 
it happen that an engineer who pro- 


duces a machine that increases the 


people and 


ple non-productive 


and enables it to 
more with the 
human effort, is doing 


efficiency of labor, 
accomplish same 
amount of 
non-productive work? I can’t un- 
derstand that. These are bookkeepet 
definitions and the economist works 
with these definitions in arriving at 
his conclusions 

I think I have indicated to you 
why it that I feel this group has 
many opportunities and many re- 
sponsibilities that go well beyond the 
immediate field of quality control in 
which you are now so expert 

I would like to urge upon you that 
the adventure and excitement, the 
creative satisfaction, and the fun of 
research consists mainly in moving 
into new and unexplored territory 

I hope that you people in QC don’t 
become so enamored with your 
short-range projects that you miss 
the fun of exploring new fields 

I would like to end with an epitaph 
which is supposed to have come from 
a New England which 


goes like this 


tombstone. 


Here lie the bones of Spi ster 
Jones, 
For he 
3orn a virgin, died a virgin 


No hits 


life held no terzors 


, no runs, no errors 





Statistical Quality Control Methods 


at Rome Cable Corporation’ 


This article will attempt to show 
how we are using statistical quality 
control procedures and techniques 
at Rome Cable Corporation. Al- 
though the discussion will be devoted 
mainly to examples ot quality con- 
trol at work in our plant, it may be of 
interest to point out first why we 
are so completely sold on quality 


control methods 


Why We Believe in SQC 


Like other manufacturers of elec- 
trical wires and cables, our quality 
problem, or more properly, our qual- 
ity “control” problem is a difficult 
one. Our products are made to rigid 
specifications These 
established by the Underwriters’ 
Laboratories, Inc., the American So- 
ciety for Testing Materials, the In- 
sulated Cable 
Association, American Association of 


Many 


customers also have their own speci- 


include those 


Power Engineers 


Railroads, and many others 
fications. However, in practically all 
cases, these specifications state the 
requirements for the finished prod- 
uct. It is our responsibility to pro- 
duce material that in finished form 
will meet many requirements in- 
cluding dimensions, physical prop- 
erties, electrical, mechanical, and 
aging characteristics, to name just a 
few 

Since most of these specifications 
are written for the finished product 
and sampling for compliance is per- 
formed on the finished product, we 
yardstick for 
quality level 


need some sort of 
measuring product 
throughout the entire manufacturing 
process 

Although we do manufacture large 
quantities of the same type of cable, 
our individual processes can be 
thought of as “job shop” in a great 
many instances. The nature of our 
product dictates that quality must be 
high, yet it must be sold in a highly 
competitive field 

All of these factors combine to 
make the responsibilities for pro- 
ducing 


quality product, and for 


C. KENNETH HAMLIN 


Rome Cable Corporation, Rome, N. Y 


ad ‘quate 
Quite 


we are constantly on 


maintaining proper and 
checks, very great indeed 
naturally ther 
the alert for new and better 


for improved product quality, lower 


methods 


costs, and more economical inspec- 
tion without sacrificing performance 
or reliability of our product 


Our Introduction to Statistical 
Quality Control 


Several years ago we were 
awarded large government con- 
tract for a special type of com- 
cable. To fulfill this 

Cable Corporation 
production 


munications 
obligation, Rom 
increased its capacity 
by the addition of a new building, 
equipped solely for the production 
of this cable. This production uni 
was completely staffed and equipped 
as an operating unit in itself. As 
such, we were able to institute, try 
out, and evaluate many new pro- 
It was during 
learned how 


cedures and methods 
this program that we 
to use statistical quality control 
methods to advantage 

Before this initial program was 
completed, we had compiled and pub- 
lished a complete “Manual of Quality 
Control and Inspection Procedures” 
for this department. Practically all 
of the procedures contained in this 
manual, whether for process control, 
in-process inspection, receiving in- 
spection, acceptance inspection, etc., 
were based on statistical quality con- 
trol concepts 

Perhaps most significant, aside 
from the benefits our company real- 
ized as a result of this program, was 
that the Government agency, after 
a long and thorough look at ow 
decided 


methods and procedures, 


that it could not better what we were 
doing. In fact, it eliminated its in- 
spection as such, and confined its 
activities to the surveillance of our 
methods. This type of quality as- 
surance program has been desig- 


*Presented at the Ninth New England 
Quality Control Conference, Hartford, Conn., 
Nov. 4, 1955 


nated by the U.S. Signal Corps as 
RIQAP (Reduced Inspection Quality 
We are proud that 
we were the first Signal Corps con- 


issurance Plan) 


tractor to be given this recognition 
Although many of the policies that 
are basic in this program were es- 
tablished prior to RIQAP, the pro- 
gram as we know it today is the 
end result of a cooperative study of 
quality problems which was under- 
taken by Signal Corps and Rom«e 
Cable quality control personnel 
Although this achievement was not 
easy, it certainly provided the stimu- 
lus and confidence needed to expand 
into the entire plant. More 
tant perhaps, the value of these 


impor- 


methods was so clearly demon- 
strated that other operating depart- 
ments began asking for “quality 
control” coverage in their depart- 


ments 


Setting-Up for Quality Control— 
Our Philosophy and Objectives 
Our philosophy has been to intro- 

duce and take advantage of statisti- 
cal quality control] methods where- 
ever possible but, at the same time, 
move slowly and with extreme cau- 
tion. This has been possible because 
we have had for some time a strong, 
well developed inspection organiza- 
tion. Our aim has been to supple- 
ment this department in the plant 
without jeopardizing, or in any way 
detracting from, the prestige this 
department has built up. Actually 
we have been able to help the In- 
Department 
many of its procedures for greate 


spection reorganize 


effectiveness and efficiency 


Introducing Statistical Quality Con- 
trol Methods—In-Process Control and 
Final Inspection 

Unfortunately, the actual applica- 
tion of quality 
techniques in the manufacture of 


statistical control 
electrical wires and cables has been 
with the published 


progress made in other fields. To 
} 


slow comparec 


those of us involved, the reasons are 


INDUSTRIAL QUALITY CONTROL 





easy to understand and seem valid 
Like others, we at Rome Cable are 
familiar with statements such as “An 
eighth grade student can operate con- 
trol charts” or “Statistical procedures 
are applicable to any process,” etc 
However, when we try to apply the 
so-called “cut and dried” methods 
they just don’t fit. A multitude of ob- 
stacles seem to pop up immediately 
Of course, we all make an honest 
effort vercome these obstacles 
and finally do reconcile the problem 
some how 


One f the biggest obstacles 
overcome in uur experience 
man-power and paper-work require- 
ments that usually ¢g long with a 
new procedure. Naturally, as sta- 
tistical quality ontro]l people we 
1] nation or a process 
Many 


and sometimes 


times 


ons immediate- 
s: (1) Modify 

procedul in re alor v 4 th 
satisiactory, O1! 
ity and m: 


at Rome 


oper: 
it 

responsl- 
him with all the 
(statistical quality 
control tools included) to do the job 


. 
tools 


operator! 
equipment iT 


and ab VE 


recessary hanical tools in- 


struments, gage > essen- 
tial on his job 

Since the operators are not trained 
in our methods, they naturally do 
not know what benefits are possibl« 
through of statistical quality 
control T Our approach has 
been to try 


rouse their interest 


and through this means 
to work with us 

Much is written and spoken about 
inspector-operator 
the job 
likely to consider this subject “just 


good read & 


relationship on 
Although we are often quite 
ing experi- 
ence has taught u hat there is no 
substitute for the understanding and 
cooperation of the an on the job 
try to work at 

irst Perhaps the Quality 

partment doesn’t get all 

publicity due in some 

cases, but the real gains made ars 


worth this sacrifice in the long run 
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Of course, we report to management similar problems with our Final In- 


but we try to work with the operato1 spection Department? 
Here we have different problems 
different Final 


inspection people are primarily con- 


and his immediate supervisor first 
We find that once we 


the confidence of the operators and 


have gained for vastly reasons 
rned with defect detection and not 


They are 


ested in the best possible methods 


are “on the inside,” so to speak the ( 


kind and amount of informatio defect prevention inter 


passed along is surprising. We try 
to use and pass this information for preventing shipment of defective 


along in a way that will imp naterial. Thus problems in this area 


conditions without affecting ou: center around sampling plans 
lationship with the men 
Admittedly, this 


proach is a slow, almost painful on with sampling 


procedures and the correlatir 


method of ap- process data and 


inspection res 


at times, espe ially for those of o Here again, on 


group who are already 


sold and anxious to “go.” 


complet lems is paper-work 
Howeve 


procedures installed pletely re 


several instances 
in the long run viewed our reporting and 
under these conditions seem to func- 


tion efficient 


keeping methods and have 


ly with little or no push n eamline 1, at the 


nprove the method 


statistical 


whereas pre cedures installed with- 
out the complete cooperation of the plication ol 
production unit often require con- methods. Some ex 
stant 

So much for our ‘as regard Ni gram would be complet 


quality control course, without emphasis 


Do w nav proved product quality and reduction 
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Figure 1—Operator-Inspector Process Control Report 





in costs. In this connection, we are tical mic ley For the most part, the machine 
constantly striving to create a qual- ith these | capabilities are well within industry 
ity-consciousness in the plant. Per- quirements. Cost and other factors 


haps a slogan used by our company’s 1owever, dictate that our sights must 


I 
founder as a closing sentence in é be set narrowe! we ‘e to operate 


letters to employees states the case Tariations amot nsulating i he most efficient le We want 
best—“Rome Cable Quality Is i om! nd produce wil F 1e “target” 
Your Hands.” We try to convey as . ; . liameter and with as | le variation 
much information as possible about ee a as possibl 

our product to each operator as the — The solution to this problem seems 
opportunities occur. This, we feel, £ 5 among insu! ig n the accurate placing of th 
s the one sure path toward main- operator inal or target diameter with sub- 
taining desired quality levels at low- Th above will |} recognized is on control. To 


est cost yuickl he thr M’s—Men. Ma- btain data and to maintain contin- 


this illus- iing surveillance on these opera- 
Quality Control Methods at Work tration, \ | try show how ns, we have devised a process con- 
ol of j t yntrol tools is rol wrt form that can be used 
Illustration #1. Perhaps one of the mployed by the Mer any one of our thousands of conduc 
toughest single control problems The insu ng oper: n ynsis r and insulation combinations 
facing the wire manufacturer is the f applying a ho neous m yf This form (see Fig. 1) is divided 
problem of diameter control The llating I ound mcentri ally nto two main ions The top 
diameter limits for insulated wires around a conducto must | ection is used he operator and 
are determined by industry stand- 1 withir rtain d nal the bottom section by the Quality 
ards, service, and quality require- lim for overall diameter and wall Control Departm 
ments. We must operate at the most thicknes Prior to “setting-up” an order, 


operator !f ls iz he top section 


oc - 500 pertinent information such as o1 ! 
ROME CABLE CORPORATION number, amount, size, and most im- 

ROME , N. Y. portant, the dimensional require- 

QUALITY CONTROL INSPECTION SPECIFICATION 





we 


1 
his work orde 





ns for re- 
WOI | - 
A. Generar k 
CusTomeR SAMPLING SPEC. 
Cust. SPec Date Issueo 
R.C.C. Spec. ISSUED BY 


Description igs 


No sy readin; his work order and 





information on 





operato! 





requiremel! 
| 1 
nore cieariy 





8. InsTRucTiONs as he sets up the job 
|. For Continuous ProoucTiON INSPECTION : 3y combining the necessary 
A. EACH SUPPLY REEL SHALL BE INSPECTED FOR THE CHARACTERISTICS veenins a a 
LISTED BELOW AT THE FREQUENCY INDICATED BY “x hee, 
8. IF A DEFECT IS FOUND IN ANY SAMPLE, EACH OF THE FOLLOWING LENGTHS 
FROM THAT SUPPLY REEL SHALL BE INSPECTED FOR THAT DEFECT ond othes 
¢. RECORD RESULTS OF INSPECTION ON FORM Qc-10), Ay eagpncan rast 
Sampuine Frequency Per Surety Reev Siece theese rencet Sas 
LENGTH NUMBER Hmece nese eports eventual’ 
CHARACTERISTICS z Ss AEA TO are sent to the Quality Control 
i2 is 16 7 8 } 1 
ve have all the 


needed for sum- 


form 

















mary and study 
ve try to emphasize the nominal 
or target diameter by providing a 


special box in the center of the form 























- this dimension 

















2 For Lor Type INSPECTION: After the set-up has been made 

A. SELECT RANDOM SAMPLES FROM THE LOT OFFERED FOR INSPECTION IN and the machine is running satis- 

ACCORDANCE WITH THE FOLLOWING TABLE. factorily, the operator plots the vari- 

6. IF REJECT NUMBER IS NOT EXCEEDED IN FIRST SAMPLE, PASS THE LOT. F ; seme, a7 

lf REJECT NUMBER IS EXCEEDED, TAKE A SECOND SAMPLE. . 

c. IF TOTAL REJECTS FOUND (1ST +2ND SAMPLE) DOES NOT EXCEED REJECT x” minus deviations from the nomi- 

NUMBER FOR 2ND SAMPLE, PASS THE LOT. IF REJECT NUMBER iS ‘he report is so arranged that 
EXCEEDED, THE LOT SHALL BE REVECTED. 

RECORD RESULTS OF INSPECTION ON FORM __ QC-lol 


an eC corded or ea ] One 
SIZE Finst SamPce Seconn SAamPce | pene Aemngliraer - 
SAMPLE SIZE | REJECT NUMGER | SAMPLE SIZE | REJECT NUMBER measurement fol ninimum wal 


ation in diameter in terms of plus 


individual measurements 














thickness is required for each reel 
produced 
The space at the bottom of the 


report entitled “Process Inspection 





Data” is used by roving quality con- 





trol inspectors. We do not require 
that each reel be checked by them 
under ordinary circumstances. Ma- 



































Figure 2—Instructions and Sampling Plans for Final Inspection terial is inspected and data recorded 
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by them according to machine per- 
formance. The spaces are so arranged 
that inspector data can be compared 
with operator data 

Strictly spe: hese reports are 
1 there 


+h 
Lilt 


rts even tn 


Data 


ma 


eports 


Illustration 


scribes a pn 
required tl 
type Ss ol 


ot mate! 


Is produced 


y large quantities. It is rw 
in lengths of approximately 35,000 to 
10,000 feet per reel at a high 


1 


tely 1000 


tion 
subsequently respooled onto 
ping spools which contain 


3000 feet 
Final inspection is performed at this 


point but may or may not be simul- 


taneous with the 1 ling opera- 


Hence, 1 r two in- 


Sspection 


tion 


inuous Production 


‘Lot 


now in use “Ci 
Inspection” and 
tion.” 


Inspe C- 


Type 
Instructions { he use of eithe 
I plans are 
Quality Control Inspection Specifi- 
cation (see Fig. 2). The Continuous 
Production Plan which has proved 
to be ver lil 


1 } } j 
oO these detalied In a 


. ( works like this 
The first length spooled off a largs 
supply reel is inspected for all char 
acteristics 
inspected for 
the fre quency indicated by the X’s 
in the sampling table. For example, 
lengths 1, 3, 5, 19, 21 would be 


Subsequent lengths are 


, 
each characteristic at 
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O.D. If a 
100 percent 


verage 
inspec- 
remaining 
Each 


rea a new 


chara teristic 


Illustration #3 


piastic insulating and jacketing com- 
pounds, the routine physical testing 
performed by the Inspection De- 
partment is a difficult 
maintain 
effici- 
ently, the amount of testing must be 


large and 
assignment. In order to 
adequate checks and do it 
and 
The sampling for this 


governed by compound usage 
performance 
testing is further complicated be- 


cause we never know in advance 
ounds will be run and 
Our! 


this problem was to set up a combi- 


which com} 


in what quantities solution to 


nation sampling and control chart 


sampling plan is operated as 
follows. We require that each oper- 
ator cut one sample from each reel 
produced. This sample is tagged and 
number, size, 
The 


samples are delivered to the Inspec- 


identified as to order 


reel number, compound, etc 


Department each morning 


re they are grouped according 
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Figure 3—Form Used for Reporting Resu 


Its of Inspection as Specitied in Fig. 2 





-li4 The person reviewing these data 

sheets does two things: (1) He plots 
STARTED 3 /ci/5s ee nou. — COMPOUND on control charts the results for each 
COMPLE TED 34, 49 ae new group of four, and (2) He re- 
PHYSICAL TEST DATA SHEET — views the individual test results. If 
failures are noted, he immediately 
——— ee completes Form QC—117 (Fig. 6) 























L @ @ | @ ii 6 a (s This report is distributed to the 

dat, ait? AL th avid aaa aie? | ott shhh Chief Inspector, and to the Labora- 

ey Py | f ] PROSE & tory, Engineering, Production, and 

' Quality Control Departments. Note 

aN tacos ital edb! arts fe tattE | atlet AOL! that these forms have been designed 

— AP nee it = - fae to command immediate attention 

dit) aed, f2I5 faye What void dos Seal - We use this type of “attention getter’ 

site ee A tO sparingly and only where and when 
ae cs Piatt | Si | “5 a4 _\s Jib immediate action is required 

UCL = X+.729R _247/_ As our recording Form QC—114 

CONTROL LIMITS LOL * X~.729R ese indicates, we summarize all data at 

UCL = R «2.262 7o7 the completion of each ten groups of 

LOL= Q four and compute new control lim- 





dase | dosT idAt2 | ASIF \AsoS | 2ITA 12397 | Hod 


























its. These limits are extended on 
% ELONGATION the individual compound control 
charts QC—116-1, (Fig. 7) for the 

I @is @ | é @ ® | @ | @ next group of 40 samples 
Joo| A7T | Ab | AZT | aso | 245 | IPT | alT | 275 | go | 
Als | dbs | 440 | AJI| ACO! 2ho!| FLO! 27T | a7 | dO 
ATO l|ASO | ADO | 246 | 260) RIT | AIT | AIT lotTO | 2FF | 
2D | 269} ad S | FO | ATO | fF | 260 | J00 | 275 | 265 
SO | 060! 0420 | 05 | A470 | “iV on | 70.55 
271) Abal AST) 2eS) ast) 264!) 47) 2% | 269! 264 
= — = oo —s ~ as a < written by various groups composed 
UCL *X+.729R _ o/s _ of suppliers and consumers, are de- 
CONTROL LIMITS LOL *X~.729R avs signed to insure that the product of 
UCL =Rx«2.282 = o all manufacturers will meet certain 


= 
LCL fe] minimum require nents according to 
? 








Industry Standards and Statistical 
Quality Control 





Much of the product we manufac- 
ture is produced to industry stand- 








ards. These standards, which are 

















the end use. These standards, or 


NOTES! / Meme 2enB om group A- Cheeseint fonge 


specifications, include requirements 
for constructional details, perform- 
ance characteristics, etc. Many also 
include a section which describes 
how the inspection and testing shall 
be conducted 

Recently, the trend has been to- 
ward revising this part of these 











Figure 4—Physical Test Data Work Sheet—Insulations 


standards to take advantage of mod- 
to compound number and sampled culate limits. At the end of each ern statistical quality control meth- 
according to the following table day he turns in the notebook of ods. Two examples of this will now 


Lot Size No. Samples data sheets to the supervisor of be discussed 


4 8 


physical testing for review. He also 

turns in a slip (Form QC—115, Fig Illustration #4. The American So- 
5) which lists the compounds that ciety for Testing Materials publishes 
were active on that day. many standards for the wire indus- 





’ 

l aici 

15 Qc-I5 ROME CABLE CORPORATION 

ROME, N.Y 


The samples which are selected at CT! 
random are then tested and the re- Q.c. A MEMO 
sults recorded on Form QC—114 pate Wiles 


(see Fig. 4). (It should be noted THE FOLLOWING COMPOUNDS ARE READY FOR 
that all samples are held until the PLOTTING: 


testing is completed. If failures are ore G10 (fp 
Y 


70% Ate Vb 


q J 
‘e ‘ ‘ ) ) » rh ro. ( 
cent and disposition of the material 4550 sore lf 








found, the remaining samples of the 





same compound are tested 100 per- 








represented by these samples made MY, 
Loof {too 





accordingly) 

This Physical Test Data Sheet is £929 inn 
maintained concurrently with testing 
by the physical test inspector. This 
inspector does not summarize or cal- Figure 5—Intra-office Memo (indicates compounds tested each day 
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try. Specification B-1 covers hard QC-116-! 





drawn copper wire electrical 


purposes STARTED Hips 55 ROME CABLE 


CORPORATION COMPOUND 
N. Y. 





qT! oe ee ROME, 
iis specification was recently re- ha 
vised to include statistical sampling COMPLETEDJei>_IpHysicAL TEST 








CONTROL CHART| 6224 


ad wessr od 











plans for determining conformance 
of the wire to the dimensional, sur- 
face finish, and packaging require- 
ments 


STRENGTH 
1.) 





Unique, however, is the manner in 
which this standards body arrived 
at and set up the requirements fo1 


+4 


the tensile strength and elongation 


easeeuee 
eeueesse 





properties of hard drawn coppe1 


wire 








After a very careful and thorough 
study of individual supplier per- 














formance and industry requirements, 
minimum values for tensile strength 
and elongation were established 


AVERAGE X,, 


Lots of wire produced and inspected 








to this pecificati n are considered 
acceptable if the average tensile 


strength for four specimens is not 





less than lie appropriate value 








minus 400 and no individual 














is less than the appropriate value 
minus 1700 | Determining 
ceptability f the elongation 


quirements works the same way 





except that the required value is 


reduced by 0.05 percent for averages 





of four, and by 0.20 percent for in- 
dividuals in a group of four 


eeuer’ Sete 
The significant point here lies in t2@i+tttettat oe. 


the manner in which statistical 





2k ame Oe 


1 
1?) 





} 





principles have been applied in a 


practical and workable way NOTES: 


Note that this plan recognizes and 


allows for the variability of averages 


of four and the natural dispersion of 





individual values. The actual values 
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Q.c. ACTION vevo 


TOs As Ge Howe, Sr. DATE: May 13, 1955 





FROM: Inspection Department SUBJECT: Initial Physical Test 
Results 





Please note that test resulte for the following compounds are not normal 
for the reason indicated. 


COMPOUND REASON 


6008 Excessive range for tensile strength values for 


| four samples tested on above date. No Failures. 
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Figure 6—Rejection or Sub-standard Product Notifications 
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Figure 7—Physical Test Data Control Chart 
Insulations 


used in this specification were de- 
veloped from considerable data col- 
lected by the committee which re- 


vised this spe i l 
\ n Specification 


One important point should 
noted—this is contained in the spex 
fication as Note 4, which reads 
follows 


Cumulative results secured on 
the product of a single manufac- 
turer, indicating continued con- 
formance to the criteria, are neces- 
sary to Insure an over-all product 
meeting the requirements of these 
specifications. The sample sizes and 
conformance criteria given for the 
arious charac'eristics are appli- 
cable only to lots produced under 
these conditions 


This instruction is a very impor- 
tant part of this plan since the effi- 
ciency of any good statistical sam- 
pling plan depends on the foundation 
on which it is built and the proper 
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use of a continuous record of per- 
formance data 


At Rome Cable we have found 
this plan very easy to follow. The 
Quality Control Department de- 
signed a form (see Fig. 8) for the 
orderly record keeping of test data 
Figure 9 illustrates our method of 
plotting averages of four to provide 
a graphical record of test results 
At the present time, we are not 
computing statistical control limits 
for these tests; the limits shown o1 
the chart are specification limits 
However, both the data sheet and 
chart are arranged so that they will 
be readily adaptable to statistical 
methods in the future 


These data sheets are maintained 
by the Inspection Department con- 
currently with the actual testing 
This minimizes record keeping and 
assures that our cumulative history 
is always up to date. This, of course 
also works to the advantage of the 
Chief Inspector and others inter- 
ested in product performance 


Here again, we find that the ap- 
plication of quality control methods 
helps to streamline our inspection 
methods and, at the same time, make 
them more effective and useful 


oc- 105 


Illustration #5. Another standards 
body, the Insulated Power Cable 
Engineers Association is also taking 
positive steps toward more realistic 
procedures thre ugh the use of sta- 
tistical q tality control methods 

A committee nposed of nem- 
bers of LP.C.E.. _ is m iking an ex- 
haustive study an effort to solve 
one of our mo perplexing prob- 
lems—determining acceptability of 
insulation walls 

Dimensionally, there are two basi« 
requirements: (1) the _ insulation 
must be applied with a _ specified 
average thickness, and (2) it must be 
applied within specified concentric 
requirements. Presently, the concen- 
tric requirement is specified as a 
minimum dimension. For example, a 
specification may state that no mea- 
surement for minimum wall shall be 
less than 95 percent 
wall for a “ss inch insulation 

In making the measurement a 
nall piece of insulation is removed 
from the conductor, and acceptabil- 
ity Is dete: ned by the thickness 
measured at the minimu point 
Howeve al l making this meas- 
urement, w iave little assurance 
that this one measurement is truly 


representati\ ‘ntire length 


Inspection-wise, this one measure- 
ment has little or no significance, 
since the amount of variability is 
not known. 

LP.C.E.A. Project Committee 
#355 has been assigned this prob- 
lem. For the past two or three 
years, this group has been collecting 
minimum wall data from several 
manufacturers. In summary, the 
data show that the process capabil- 
ity is approximately the same for all 
manufacturers. It also falls in a 
normal distribution pattern. This 
has made it possible for the com- 
mittee to design a sampling specifi- 
cation based on statistical quality 
control principles 

Briefly, this inspection procedure 
provides for the orderly sampling 
from production lots. In conducting 
the inspection a sample of specified 
size is taken at random from the lot, 
and measurements of minimum wall 
are made on each specimen. The re- 
sults are then totaled and the average 
determined. This value is then com- 
pared with the appropriate value in 
i sampling table according to lot 
and san ple size. If the sample aver- 
age is greater than the minimum 
value found in the table, the lot is 


accepted If the sample average Is 
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Figure 8—Physical Test Data Work Sheet—Bare Wire 
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Figure 9—Graphical Record of Bare Wire Test Results 


plot his own chart 
used 
Never underestimate the ability 
of the man on the machine 
Rather, take a long look at 
your ability to get top per- 
formance from him. Engineer- 
ing and science can provide the 
best possible equipment, in- 
spection methods can provide 
rigid control of raw materials; 
results, however, will be satis- 
factory only if the man can be 
induced to turn in good per- 
formance. Nothing by the way 
of discipline or monetary re- 
wards can come even close to 
stimulating the top performance 
he is capable of turning in if his 
interest in the end result is 
really aroused. The proper use 
of quality control techniques 
help to arouse and hold 
this interest 


In short, don’t lose sight of the 


goal just because you are equipped 


vith reams of sampling tables and 
statistics. Quality of product is a 
characteristic built into the product 


15 








by the man, it cannot be inspected 
into a product—back him up and 
give him the best possible ammuni- 
tion and tools to work with. Afte1 
the engineering has been done, and 
the equipment provided, he is your 
greatest asset toward quality 
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agreed to by many experienced peo- 
ple in the field who have given the 
problem thought. How do your an- 
swers compare? 

If your answers do not all check 
with the “correct” answers, do not 
feel too badly. As a matter of fact, 
the results of this quiz, given to a 
number of Sylvania technical peo- 
ple, showed a great deal of inconsist- 
ency and disagreement. What then 
is an appropriate set of rules for 
writing and interpreting tolerance 


specifications? 


Solution 


Here is a simple, logical set of 
rules which subsequently will be 
justified 


Logical Rules for 


Measure the item specified to 
at least as many decimal 
places as in the spec. 


Round the measurement to 
the same number of decimal 
places as in the spec. 


Compare the rounded meas- 
ured value with the spec 
value 


If the rounded measured 
value falls outside the toler- 
ance band, reject the item; 
if it does not (i.e., if it lies 
within or at the extreme ends 
of the tolerance band), ac- 
cept the item 


FRANK PROSCHAN 


Writing and Interpreting 


Sylvania Electric Products, Inc., Hicksville, N. Y. 


Tolerance Specifications 


A great deal of disagreement ex- 
ists in interpreting tolerance specifi- 
cations. This article gives simple, 
logical rules for stating and inter- 


preting tolerance specs 


Problem 


How do you interpret tolerance 
specifications? Try the quiz in Ta- 
ble I. The correct answers are given 
at the bottom of page 17: they are 
“correct” in the sense of having been 


1. Use the same number of deci- 

mal places to specify both the 
nominal dimension (the dimen- 
sion aimed at) and the toler- 
ance permitted. Thus, use 
0.0761 0.0023, not 0.076 + 


0.0023 


Consider a specification as a 
command which states: 


TABLE I—Tolerance Quiz 


(Given by Alan A. Grometstein in the 


PART 


Spec: 0.15 


PIECE ACCEPT REJEC 


Electronics Division of Sylvania in 1951) 


PART 2 
Spec: 0.155 yo inches 


PIECE ACCEPT REJECT 


0.1551 
0.1509 
0.156 


Rounding 


The next question is: How do we 


round numbers? The preferred 


method is 


e When one decimal place is to be 


discarded: 


A. If the digit in the decimal 
place to be discarded is 6, 7, 
8, or 9, drop it and increase 
the preceding digit by 1 
(0.176——>0.18). 


If the digit in the decimal 
place to be dropped is 0, 1, 2, 
3, or 4, drop it, and do not 
change the preceding digit 
(0.231——>0.23). 


If the digit in the place to be 

dropped is 5, then drop this 5 

and 

a. Increase the _ preceding 
digit by l if odd 
(4.75 >4.8). 


Leave the prece ding 
digit unchanged if even 
(4.65 >4.6). 
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e When two decimal places are to 
be rounded off, do the rounding 
all at once. Thus, 0.2349 be- 
comes 0.23; 0.2351 becomes 0.24 
0.2350 becomes 0.24; and 0.2450 
becomes 0.24. Clear'y, the rule 
is to round up when the number 
in the two places to be dropped 
is greater than 50; use rule C 
just above when 50 occurs in 
the two places to be dropped 


A similar procedure applies for 
rounding off three or more decimal 


places at a time 


Justification 


The main idea back of the set of 
rules given is that a spec. is essen- 
tially to be used to decide on the 
basis of a measurement whether 
any particular piece conforms to a 
Since all 


ments have some lack of precision, 


requirement measure- 
the spec. must designate the numbe1 
of significant figures needed in the 


measurement 


(1) The reason for using the same 
number of decimal places for 
both the 
and the tolerance is _ this 


nominal dimension 
Suppose, as in the example 
given, we wrote 0.076 + 0.0023 
The fact that 3 is given in the 
fourth decimal would 
imply that the tolerance band 
specified to the fourth 


place 


is to be 

decimal place. However, giv- 

ing 0.076 to only three places 

means that the tolerance band 
, , 

could be 

0.0755 = 


0.0023 In other words, the 


anywhere from 
0.0023 to 0.0765 
tolerance band is not actually 
specified to the fourth decimal 
place. This sort of inconsist- 


‘y is prevented by Rule 1 


The reason for requiring that 
the item specified should be 
measured to at least as many 
decimal places as in the spec 
Suppose that the 
0.002. If a 


particular piece is measured 


is_ this: 


spec. 1S 0.076 + 


as 0.08, how can we tell 
whether the piece is actually 
0.075 or 0.084? In the first 
case, it would be accepted, in 


the second, rejected 


The measured value should 
be rounded off to the same 
1umber of decimal places as in 
the spec. because the spec. and 
the measured value are to be 
compared on the basis of the 
number of decimal places in 


the spec 
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As for rounding, the only explana 
tion needed is that of rounding off a 
piace occupied by a 5. The rule 
given above is preferable to the al- 
ternative one of always rounding up 
because it does not tend to result in 
bias. According to our rule, we can 
expect that, on the average, half the 
time we would round up, the othe 
half we would round down 


Borderline Cases 


Consider the spec.: 0.155, +0.000, 

0.004. According to the rules un- 
der Solution, a 
0.15550 would be 
and therefore the piece 
rejected; on the other 
measurement of 0.15549 would be 


measurement ol 
rounded to 0.156, 
would be 
hand, a 


rounded to 0.155, and therefore the 
piece would be accepted. In othe: 
words, two pieces differing by as lit- 
tle as 0.00001 would receive differ- 
ent treatment, one piece being sum- 
marily rejected, the other being 
welcomed into the fold of accept- 
able units. Is this not defying com- 
mon sense? 

The answer is that a specification 
by its very nature, is an attempt to 
draw a razor-thin line between ac- 
ceptable and unacceptable units of 
product. The thinner the line drawn 
(i.e., the more Specie the spec.), 
the more satisfactory is the specifi- 
cation. A well written specification 
should leave as little as possible to 
individual judgment—should define 
as clear ly and spt cifically as possible 
the criteria by which the inspector 
is to separate the unacceptable from 
the acceptable. In other words, the 
designer of the product (the specifi- 
writer ) 
responsibility of defining the differ- 


cation should assume the 
ence between good and bad units of 
product, rather than the inspector 


(the specification enforcer ) 


Setting the Gage 


The discussion thus far has been 


f 


in terms of measuring the units ol 


product. Suppose, however, the 
spection is conducted with a 
no-go gage. How should the gag: 
set? 


Sp cifically, 


stated as 0.155 


spec is 


Nat- 


have to 


Suppose th 
0.090 0.004 
the gage itself will 


gag 
be set with greater accuracy than 


the 3-place accuracy called for in 


the specification. Should the gi 


set at 0.1546. 0.1550. 9.1555 


A piece unable 
to pass throug * go gage set at 
larger than 0.1555 


deing 


0.1555 would be 
(the probability of the piece 


identically equal in size to the gage 

considered to be zero), and would 
therefore be 
to the rules under Solution. On the 


unacceptable according 


other hand, a piece slipping through 
the go gage would have to be less 
than 0.1555, and would, therefore, be 
acceptable. Thus the go gage setting 
of 0.1555 would permit a rigid en- 
ment of the rules under Solu- 
for an upper iimit spec. ol 
0.155 
To generalize, the 
be set at the midpoint of the decimal 
place following the last decimal 
limit. From 


go gage should 


place of the 
similar considerations, it follows that 


upper spec 


the no-go gage should be set by 
first subtracting “1” from the digit 
in the last decimal place of the lower 
spec. limit, and then inserting “5” 
into the following decimal place 
(Thus, the lower spec. limit cf 0.151 
is enforced by setting the no-go gage 
at 0.1505.) 


Fractional Tolerances 


What happens now if the specifi- 
cation is written in the form of a 
fraction, such as 2"44 inches? In this 
case, “no limits need be placed on 
fractional dimensions because their 
is2 indicates that the 
curacy with which a_ sixty-fourth 
scale can be read ( 0.010) is ac- 


tolerance.”’'- If 


practical ac- 


ceptable as the 
“ater accuracy is required, then 
specification should be written 
rather than in 


decimal form, 


fractional form 


Conclusion 


A good deal of unnecessary con- 
fusion and contradictory interpreta- 
tion of specifications may be avoided 
if the rules for writing and inter- 
preting specs. presented under Solu- 
tion in this article are followed 


Problem Answers 


Here are the correct answers to 
the problem in Table I. For Part I 
accept—l, 2, 4, 6, 7; 
9,10. For Part II 


5S; reject 3, 5, 6, 9, 10 


reject 2, 


accept 
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Statistical Quality Control 


Applied to Precision Manufacture of Weapon Barrel 


NEIL H. ZIMMERMAN 


Line Material Industries, Subsidiary of McGraw Electric Co., Birmingham, Ala. 


Introduction 


This article reports the case his- 
tory of a statistical quality control 
application. It outlines the need for 
sound controls, the actual installa- 
tion of such controls, and the direct 
savings derived therefrom 

The direct savings in time and 
material, as well as improved rela- 
tionship between production and 
quality control personnel have been 
of such magnitude as to demand ex- 
pansion of the program to include 
all units of the company 


Background 


The Line Material Industries, at its 
Southern Plant in Birmingham, Ala- 
bama, had been producing rifle bar- 
rels under a contract with the United 
States Government, Army Ordnance 
Department, in connection with the 
manufacture of the U. S. Rifle Cal 
30 M-1, commonly known as the 
Garand. The Garand rifle is a semi- 
automatic, gas-operated, shoulder 
weapon with all parts interchange- 
able and of close dimensional toler- 
ance, the barrel of necessity being 
one of the most exact 

In June of 1953, The Line Material 
Industries entered into a production 
contract for the M-1 barrel, after 
successfully providing a complete 
facility for its manufacture and ob- 
taining approval of a pilot lot from 
the Springfield Armory at Spring- 
field, Mass. 

In the manufacture of the barrel, 
there are 59 machining operations 
with some dimensional tolerances as 
small as minus 0.0005 inches. With 
production of 32,000 pieces per 
month on a two-shift basis, it can 
be understood that barrels proceed- 
ing from one operation to another 
should necessarily be of uniform 
characteristics. They should be kept 
as “a group, produced by the same 
method, to the same dimensions, and 
in succession.” In other words the 
groups should be “homogeneous.” 
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One-hundred percent inspection 
was applied to all finish dimension 
machining operations, which actually 
meant trying to sort the good from 
the bad 


allowed to proceed and the out ol 


The good pleces were being 


tolerance pieces being held for fur- 
ther screening, and either rework, 
or disposal as scrap. This practice 
therefore, rendered it impossible to 
keep production homogeneous 

With the volume of work required 
in the line for schedule compliance, 
plus all the barrels which were held 
back for rework or disposal, a total 
in-process inventory far in excess 
of that required to maintain sched- 
With this excess 
of in-process barrels throughout the 
line, it can be understood that even 


ule was on hand 


the most rigid control over defec- 
tives would be unlikely to prevent 
some from filtering back into the 
line and ultimately arriving at Ord- 
nance Inspection 
The contract progressed for several 
months with Ordnance Inspection 
receiving barrels in lots and employ- 
ing their regular acceptance sam- 
pling plan, for acceptance or rejec- 
tion. This practice, plus the fact that 
the individual lots were made up of 
barrels which were not homoge- 
neous, resulted in an accumulation 
of unacceptable barrels at our final 
inspection area. These accumulated 
barrels were rejected for various 
defects, and after screening, were 
re-submitted, with some lots going 
to a fifth submission before accept- 
ance 
Acceptance by Ordnance Inspec- 

tion by lots was as follows: 

1300 barrels per lot 

143 lois submitted 

187,000 barrels 
21 percent accepted on first 


totalling 


submission. 
97 percent accepted on second 
submission 
22 percent accepted on third, 
four and fifth submission. 
The extent of the sweat and tears 
expended in obtaining acceptance of 


the 143 lots can be easily understood 
from the above figures, to say noth- 
ing of strained relations between 
production and inspection resulting 
from inconsistencies of methods 


SQC Needed? 


Among the supervisory group in 
the Barrel Department, there were 
several persons with a limited 
knowledge of statistical quality con- 
trol who saw the need for a system 
that would insure control, and re- 
lieve the congested condition. Statis- 
tical control was recommended and 
immediately the entire manufactur- 
ing process was reviewed and found 
to be readily applicable to statistical 
methods and techniques, using at- 
tributes in some instances, and X 
and R charts elsewhere 


Machine studies were made, con- 
secutive pieces from each machine 
were measured, and _ capabilities 
computed. It was astounding to find 
that the actual capabilities of some 
of the machines exceeded previous 
maximum expectations As data 
were gathered, control levels were 
set on each operation, taking into 
consideration the part each played 
in regard to succeeding operations, 
and how critical it was in regard to 
the finished piece 


During this period, a review of all 
methods of measuring and gaging 
was necessary. The initial facility 
employed fixed type gages of the 
“go” and “no-go” type for produc- 
tion line inspection, in most cases, 
and since control charts of the X 
and R type were being placed along 
the entire line, direct reading gages 
Upon reviewing the 
evaluation of each 
operation and its dimension was 
made. Then, having given consider- 
ation to the capability of the ma- 
chine furnished to produce this di- 
mension, the decision as to the type 
of measuring device or gage to use 
was made. 


were necessary. 
entire process, 
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Establishing Process Controls 


when 
and 


The entire production line, 
completed after this review 
evaluation, appeared as follows 

1. On unfinished, 

Gimensions; i.e., 
faces and steady 


and qualifying 
chucking sur- 
rest surfaces, 


“so” and “no-go” fixed gages 
for lengths 
Simple attribute 


kept at these operations, 


charts were 
from 
samples taken at regular time 
intervals, computed from the 
data gathered in the capability 
studies 


On finished machining dimen- 
sions, finish grinds, finished cut 
lengths, etc., indicator type snap 
gages or column type air gages 
were used to check diameters, 
and indicator type length gages 
for checking lengths 
X and R charts were placed on 
the finished operations and av- 
and range 
time intervals, as 
data gathered 
the capability studies. (X 


erage recorded at 
regular 
scribed by 


pre- 
trom 


and 


MACH. NO oven. wo 215 
5233 -.4200 


2 SHIFT—RED 


— 3 SHIFT —BLUE 


R charts illustrated in Fig. 1) 
The X and R charts used on the 


finished machining operations 
modified to show in addi- 


tool 


were 
tion to control points, the 
wear of the cutting tools 
By using the 


explained above, 


chart as 
able to 


wear, 


modified 
and being 
tool 
tools could be accom- 
defective 


spot trends in cutting 
re-setting of 
pli shed before any pieces 
uced 

found 


where inspection 


an operation had gone of 


that I 
1in the inspection 


control wit time 


interval, all barrels produced by 
that 
inspection check were s¢ reened 100 
This quickly 
possibility of appreci- 


rewol k preces 


operation since the preceding 


percent. procedure 
removed the 
accumulation of 
that 


able 


and _thos« were accumulated 


hich could not be remedied and 


placed back in the line during the 
shift they 
proceed as a ge lot. 


1 dolly 


same were produced were 
allowed to 
designated as such by colored 
cards 

To « xplain the colored dolly cards, 


‘ard system was set up to differ- 


1 SHIFT— BLACK 


QUALITY CONTROL ¥ 


entiate between barrels with known 
deviations and any others. Produc- 
marked by the use 


code, 


tion was clearly 
of the dolly card 
where uncontrolled 
and controlled barrels began. 
controlled 
ing at oul 
lected for 
Inspection 


as to 
ended 
When 


production began arriv- 


color 


barrels 


final inspection, lots se- 


submission to Ordnance 
and 
immediately the 
benefits that could be expected as 


were homogeneous 


began to indicate 
the system was further proven 
As the controls on different opera- 
tions were tried and proved, a com- 
plete inspection operating procedure 
These 


inspection 


was written for each proce- 


dures covered the actual 


procedure, time intervals of inspec- 


tion, lists and their operation, 


gage 
and complete information on control 
Spe- 


such as 


charts and their maintenance 
cial features of the 
the dolly 
put in written procedure form 
When the procedures were finally 
edited, 
concerned 
Training 
sure familiarity with all phases suct 


system, 


card color code, were also 


reviewed by all 
distribution 
meetings were held to in- 


they were 


before 
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as machine charts, methods of meas- 


uring, sample sizes, and other de- 
tails 
The effect 
production personnel was very 
the 
hey seemed to realize 


psychological on the 


no- 
ticeable charts were used 


as 
more bex ause 
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same p charts (p chart illustrated barrels to Ordnance and having it including one in Canada. The other 
in Fig. 2). With the aid of these accepted without a single defect eight plants make a full line of 
charts, it was possible to concen- being found is approximately one electrical transmission and distribu- 
trate on troublesome points of in- in 5000. Since controls have been tion equipment such as transform- 
spection. If Ordnance percent de- installed, there have been three such ers, lightning arrestors, fuse cut- 
fective was greater than ours, it lots on this contract. There were outs. oil circuit reclosers, hi-voltage 
pointed directly to a possible trouble also several months that acceptance switching equipment, street lighting, 
spot and was an invaluable aid in on first submission was 100 percent and underground electrical equip- 
training inspection and pointing out ment 
weaknesses The controls explained here were 
set up with the technical help that 


of manufacture is a far cry from the 
r R ult Vas avall : oO *xisting er- : 
SOC Produces Results was available in our existing pe precision piece which is the M-1 


The Southern Plant’s normal line 
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recent acceptance on fi! Conclusion and is a firm part of the operational 

submission procedures. There is little doubt that 

Line Material Industries’ if and when new contracts are let 

ern Plant produces pole lin for this item by the Ordnance De- 

hardware for electrical distribution partment, they will demand of the 

submission systems and street lighting equip- contractor that firm statistical qual- 

It is interesting to not ment. It is one of nine plants situ- ity control procedures be adhered to 
probability of submitting ; ated throughout the United States. in the manufacturing processes 














Application of 
Statistical Quality Control 
in Glass Fabrication 


T. R. MEYER, J. H. ZAMBONE, F. L. CURCIO 


Kimble Glass Company, Subsidiary cf Owens-Illinois Glass Company, Toledo, Ohio 


Kimble’s Quality Organization nspection: and (2) fabrication from a base material 


such as tubing or glass blanks, lehring and inspection 


1 > res : rie ‘ » x] < . | , 
Kimble makes a varied type of gias product including In the quality control organization there is a directo} 


television bulbs, glass containers, bottles, scientific appa- »f quality who is a member of a staff department (Kim- 


ratus, tubing, electronic glassware, hand-blown ware, in- ble Administrative) which reports directly to the man- 


sulators, and structural glass block. There are five plants ager and president of Kimble Glass Company, a wholly 


in our company located in Illinois, New Jersey, Indiana owned 


subsidiary of Owens-Illinois. Each of the plant 
and Ohio 


} 


quality control managers reports directly to his respec- 
tive I lant manage! 

The manufacturing processes of Kimble are basic with A standards department reports to the director of 

the industry and are of two types: (1) the glass tank quality control. The function of this department is to 


fabrication directly from the glass tank, lehring, and maintain sales specifications where necessary and to 
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maintain uniform specifications and sample standards 
among Kimble plants. With several plants producing 
the same product, it is obvious that specifications, testing 
equipment, and quality control must be uniform and 
centrally controlled, so that quality emanating from the 
several plants will be equivalent. This central control is 
a responsibility of the director of quality control. 

In one of our plants more than 16,000 different items 
are produced. Small glass containers, scientific and labo- 
ratory ware, tubing and many other glass products are 
made by many varied operations. The nature of this 
material is such that it has always required inspection 
Prior to SQC this inspection consisted either of 100 per- 
cent inspection of the finished product, which is costly 
and not always efficient, or “spot checking,” which guar- 
anteed very little of anything 

A number of years ago, management investigated sta- 
tistical quality control and its possibilities. As a result 
of this early interest and full cooperation throughout its 
development, quality control has grown so that today 
we are covering all the plants by process control, and 
most of our outgoing products by sample inspection. 

The sampling practices we use are standard ones 
Before most of our ware enters our warehouses, it is 
subjected to quality control sampling inspection. Inspec- 
tors in our packing areas draw random samples in ac- 
cordance with Military Standards sampling plans from 
lots which may consist of one or every carton. Accepted 
lots are stamped with a quality control stamp and are 
sent to the shipping areas. Rejected material is returned 
to the packers for reselection after which it is once again 
sampled 

There is no doubt that the two programs, process con- 
trol and sampling inspection, have contributed to im- 
provement of product. This improvement has been made 
concurrently with reduction of waste and rework during 
operation. Every day we find new ways to apply statis- 
tical methods. Some of these applications are outlined 


here 


Special SQC Applications in Glass Fabrication 


Applications of statistical quality control in our par- 
ticular phase of the glass container industry are many, 
and we are continually using more and more of the 
available tools to make our operations more efficient 
and better controlled. Examples of various techniques 
we have used are as follows 


1. Setting of Specifications. Recently our ampul fabricating 
machines were all replaced with new models which 
represented a substantial improvement over the old. In 
the pilot trials of the first new machine, the quality con- 
trol department maintained X and R charts on every 
dimension of the ampuls. On the basis of frequency 
distributions made from in-control operation, specifica- 
tions were established by means of tables published on 
“Tolerances of the Normal Distribution” in the Columbia 
University Statistical Research Group’s Techniques of 
Statistical Analysis 

These tables furnish K-factors for X + KS (where X 
is the sample average, and § is the sample standard 
deviation) which gives the desired upper and lower 
tolerance limits. The K values are more than just normal 
deviates, for they depend on the sample size, the prob- 
ability desired, and the confidence desired in setting the 
tolerances. They allow for the fact that the sample 
average and sample standard deviation may differ from 
true average and true standard deviation by amounts 
dependent on the size of the sample used in the com- 


22 


putation of the sample statistics. The specifications cal- 
culated on the basis of the pilot runs have withstood the 
acid test of production conditions and have been pub- 
lished as our official specifications 


2. Establishment of Cutting Lengths. Another class of vials 
which we make is one which is basically a short piece 
of glass tubing with a tooled finish on one end and the 
other end either open or “bottomed.” Ordinarily the 
sequence for the manufacture of such an item is: 

e “Pulling” tubing from a glass furnace and cutting 

it to five foot lengths. The tubing is then sorted to 
a specified outside diameter. Frequently, the tubing 
is retrimmed slightly to an exact length and further 
segregated by weighing it into various gram weight 
brackets. 

Recutting the tubing into shorter pieces. The cut 
length will depend on the size and shape of the ulti- 
mate finished product, and also on the particular 
weight bracket of the tubing being cut. 

“Tooling” a finish. An example is a screw thread on 
one end of the short piece. (We will suppose for 
simplicity that the other end is to remain open.) 
This tooling is performed on a machine which melts 
one end of the piece and then carries it through a 
tooling station which reshapes the molten glass into 
the desired finish. 

On most of the items made in this fashion, close speci- 
fications for outside diameter and inside diameter of the 
finish, shape of the finish, and over-all length of the com- 
pleted vial must be maintained. The problem, of course, 
is to properly determine the length of the original blank 
tubing in order that all specifications will be properly 
met. Such a problem is easily solved by trial runs with 
close X and R control charting of original cut length, all 
pertinent dimensions of the finish, and the over-all 
length of the completed vial. Appropriate analysis of 
these charts will then yield adjustments which may have 
to be made to the cutting length used on the trial run 

Analysis of these charts will also yield necessary in- 
formation for calculation of cutting lengths for tubing 
with a slightly different average cross section or weight 
More advanced mathematical methods based on theoreti- 
cal calculation of volume of glass necessary for the finish 
above have also been used, particularly for the initial 
determination of trial cutting length. Trial runs are then 
made to verify the theoretical calculations as well as to 
aid in the precise designing of the necessary “tools” to 
make the ideal finish. 

In actual production, appropriate X and R charts (or 
narrow limit gage charts) on the critical dimensions are 
maintained. Adaptations of narrow limit gage control 
charts have been in use in various departments of our 
plant for several years, and have been enthusiastically 
endorsed by production people. From our point of view, 
we consider them superior to equivalent standard X and 
R charts for certain operations. They have actually re- 
sulted in better stability of dimensional control, since 
machine operators may easily find for themselves, with- 
out pencil or paper or calipers, that they are in or out of 
control during the in-between times when quality con- 
trol inspectors are at other machines. 


3. Acceptance and Rejection with X and R Control Charts. Jn the 
case of destructive testing in glass, the X and R chart 
control is most helpful in minimizing the use of variable 
sampling plans and eliminating the use of the uneconom- 
ical attribute sampling plans. 

In Kimble we have two excellent examples of such a 
control in our scored ligature tubes and our color break 
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ampuls. In both cases the glass is eventually broken in 
two in the operating room or the doctor's office for the 
easy removal of the sutures or liquid medicines. The 
glass must be so controlled in breaking force that it will 
process and ship without breakage, but at the same time 
break readily by hand when bent in the proper manner 
by the eventual user. 

A reliable tensile strength tester is used to break and 
record the breaking strength. Checks are made on the 
process at half-hour intervals plotting the average and 
range on a standard X and R chart. Process capability is 
determined during a closely controlled period prior to 
“freezing” the control limits. 

Sample sizes greater than the conventional four or five 
are used to determine more accurately the true average 
breaking strength and thus reduce the error of indicat- 
ing in-control averages when the average is actually out 
of control. To augment this, rules that depend only on 
extreme runs are followed to detect a shift in average; 
i.e., check for assignable causes whenever: * 

e Seven successive plots fall on one side of the cen- 

tral line. 

e Of eleven successive points on the control chart, at 

least ten are on the same side of the central line, etc 

When one plot falls outside the control limits, the ware 
made in the previous half-hour period, as well as ware 
made until correction has been effected, is quarantined. 

In this case where destructive testing was necessary 
and a range in breaking force had to be maintained, the 
X and R chart has been powerful in producing a well- 
controlled item which without such control would have 
been one of questionable nature. 


4. Strength Testing of Special Class Containers. In the previous 


example, we presented the application of X and R con- 
trol charts in cases where destructive testing was ap- 
plied. Frequently, it is desired that ware rejected on the 
basis of the control chart (or held in stock) be sampled 
for breaking strength. In such cases a variable sampling 
plan based on standard unknown-sigma schemes is 
used.* A particular sampling plan has been chosen which 
has an operating characteristic curve closely matching 
that of the X and R control procedure used in the origi- 
nal process on the item 


5. Variation of Breaking Strength Due to Dimensional Factors. In the 
early development of the special glass containers men- 
tioned above, it was desired that the amount of variation 
of breaking strength associated with various dimensional 
variations at the breaking point section be determined. 

As a first approximation of the relationship of breaking 
strength to these various dimensional characteristics, a 
linear multiple correlation involving four variables, three 
dimensional (independent) variables, and the breaking 
strength was used. With standard least squares tech- 
niques, the various effects of each independent variable 
on the breaking strength were determined and the “co- 
efficient of multiple determination” was calculated to 
give the joint association of all the independent variables 
with the breaking strength. The answers obtained in 
this study proved invaluable in pointing the way toward 
stabilized control of the breaking strength of the special 
container. 


6. Predicting Yields with Various Tube Sorting Schemes. Ordinari- 
ly, glass tubing during the pulling operation is cut to 
four foot or five foot lengths and then sorted to a speci- 

*E. L. Grant, Statistical Quality Control, second edition, McGraw 
Hill, New York, 1952, p. 113 


tSee Sample I 
McGraw-Hill, New York, 1952 
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ection by Variables, by Bowker and Goode, 


fied outside diameter range. This sorting may be done 
by just gaging one point at a specified distance from the 
end of a tube; two points, each at a specified distance 
from each end of the tube; or the entire length. For a 
specified O.D. range it is frequently desirable to know 
what effect on the percent yield of “good tube” the 
various sorting schemes will have. Since tubing is not 
perfectly uniform for O.D. throughout a particular five 
foot length, the yield will reduce as more points within 
any particular length are required to be within a speci- 
fied O.D. range, and will be least when all points are 
required to be within that same range of O.D 

In the case of one-point sorting, we have a simple 
application of univariate normal curve probabilities using 
the mean and standard deviation of the outside diamete1 
These statistics can readily be determined by frequency 
distributions from X and R charts which are based on 
random O.D. measurements 

For two-point sorting, we must use bivariate normal 
distribution theory where the two points measured may 
be assumed to have the same mean value and standard 
deviation and are also correlated. These various statistics 
may be determined from a sample; and after suitable 
mathematical calculations, circular probability paper* 
can be used to determine the percent yield 

For all-point sorting, we again may use the bivariate 
normal distribution. In this case the calculations are 
based on the distributions of the maximum diameter 
within tubes, the minimum diameter within tubes and 
the correlation of the maximum O.D. with the minimum 
O.D. Again, the circular probability paper may be used 
to avoid integration of a probability integral 


7. Predicting Pack With Use of Prediction Limits. One of the diffi- 
cult problems in a glass process where annealing imme- 
diately follows fabrication is the inability to determine 
defects quickly in order to take immediate corrective 
acton. The annealing process takes from one to ove1 
two hours. First inspection had to wait until after an- 
nealing when it is cool enough to be inspected easily 

To obtain earlier data a “hot inspection” was intro- 
duced between fabrication and annealing, but it wasn’t 
until the prediction limit system was introduced that 
better results were secured. The quality control inspec- 
tor was now able to predict the pack one to two hours 
ahead of the 100 percent screening, thus permitting cor- 
rective action at the forming machine if the prediction 
limits so indicated. The efficiency of the 100 percent 
inspection was also checked against these limits. The 
calculation of the prediction limits was based on the in- 
verse solutions of the incomplete Beta-function as dis- 
cussed in the Engineer’s Manual of Statistical Methods 
by Leslie E. Simon.* 


8. Continuous Sampling for Thermal Shock Testing. The thermal 
shock test of glass consists of heating up the glass in a 
hot bath and then plunging the glass into a cold bath. A 
reverse thermal is also used depending on whether the 
suspicion for the break sources is on the outside or inside 
surfaces. Correlation of the severity of the thermal 
shock with field experience is also a requisite in estab- 
lishing the proper test 


Results Benefit Both Kimble and Its Customers 


After a solid foundation had been built through ex- 
posure to the new methods, we began to present talks 
and programs on quality control. These programs were 

*See “Circular Probability Paper” by Leone and Topp, Industrial 
Quality Control, Vol. IX, No. 3, Nov., 1952 


tAlso see “Control Limits for Visual Quality,” Industrial Quality 
Control, Vol. X, No. 6, May, 1954 





directed, not only at plant supervision on ali levels, but 
to groups of our salesmen. We feel that these presenta- 
tions have had a great deal to do with the enlightenment 
and subsequent acceptance of our concepts by the men 
ith whom we work. Our salesmen, through their cours« 
uction, are better qualified to discuss quality with 
mers. Quality control in turn benefited from this 

d more factual information from the 


1 


we obtair 

field concerning custon requirements 
As a result of our experience Ww ith statistical quality 
control, several things have been accomplished. The first 
of these he reduction of the amount of 100 percent 
inspection and gaging. Quality control at the process 
proved that operation in many cases was good enough to 
permit san pling f the final product When this was at- 


tempted, results we extremely grati.ying; by develop- 
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ment and expanded application of this program we have 


saved thousands of dollars and have at the same time 


guaranteed an even better product to our customers 

Another result of SQC has been a noticeable reduction 
in customer complaints. The trend has been steadily 
downward ever since our sampling inspection of outgo- 
ing ware became firmly established. One definite aim of 
monious thinking 
held meetings 


quality control has been to fost i 
on quality with our customers. We hav 
with many of these customers to establish limit sam>les 
agreeable to both vendor and consumer. We have en- 
couraged customers to tell us exactly what they want 
and expect to get. With this knowledge cur inspecticn 
position has been strengthened and a much sounder 


inspection procedure has grown 
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MASON E. WESCOTT, Editor 


A Simple Iterative Process for Square Root Extraction With Desk Calculators 


JULIAN H. TOULOUSE 
Owens-Illinois Glass Company, Toledo, Ohio 


When a difference between the roots of two numbers 
is desired, it may be necessary to determine the roots 
to more than four significant digits, the usual limits in 
many tables. There are some detailed methods of calcu- 
lating five places, but a table and synopsis of the 
method must be av: ilable One machine can be had 
which determines square roots, but it may not be avail- 
able when the need is infrequent Finally, yne may 
calculate the square root by a rather slow, and elaborat 
scheme, in which a single error, unchecked, may cause 
much embarrassment 

This article outlines a method which very quickly 
determines square roots to as many as ten significant 
digits, even without reference to a table as a starte 
It is a very old method’ in the history of arithmeti 
computations, but not a very practical one unless one 
has available a desk calculator to remove the labor of 
pericrming the divisions required. A good reference o1 
the method may be found in Paul S. Dwyer’s Linea 
Computations, p. 4-7, (Wiley & Sons, 1951.) 

The method consists of dividing the number, whose 
Square root Ww desire, by an approximate root, eithe 
from a table, or by inspection. The quotient is a second 
approximate root. The mean of the two is near the 
real root, but it can be used, as a second step, al dasa 
new approximate root, to get a new second approxima- 
tion. The “an of these new approximations is still 
closer to the ue root 

*The ft 0 he method is found on page 79, Chapter VI, 
Paragraph ; Observations by E. T. Whittaker: 
and G. R on ol dition 32) published by Blackie & 
Sons, London } slasgov . reference calls it the prin 
of iteration Correspondence 
Men of the l7th Century, page 
Gregory to Collin ind independently from Michael 


Newton, and is of course a long time antecedent the method 
presented in this issue of Industrial Quality Control 


$s source quotes ; 


Many may be familiar with the fact that (dealing for 
the moment with whole numbers) (N 1)(N + 1) 
differs from N? by 1°, that (N 2)(N 2) dif- 
fers by 27, etc. This does not help us directly, but 
(N X)(N + Y) N? only when (N X) ap- 
proaches (N Y), ie., when X each approach 
zero. Hence, the mean of (N ‘ nd (N + Y) ap- 
yroaches N by an even smaller difference. At any stage 
the mean is closer to N than either (N — X) or (N + Y) 
[f we originally set (N X) very close to N, and correct 
it to the mean of (N X) and N*/(N X), we can ina 
very few steps make the differe: between (N X) 
and (N Y) as small as we pl 


Example 1. 


Stage ] 
a. Take any number, 1459782187 for example, whose 
Square root Is desi | Round 146000300 


(146000) (10*) 
In a 1-1000 table of squares 
we find (382) 
146000. Hence, the first 
proximate root Is 


closest to 

38200 
Divide the original numbe 
by A, to get d 38214.19349 


Add A, and A, and divide by 
2 to get 33207.C9570 
Stage 2 
a. Divide the original numbe: 
by A, to get J 38207.69536 
(It is now evident that we 
already have the root to 7 digits) 
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Editorial Note: It is interesting to see why this method 


converges to an accurate answer as rapidly as it does 


b. Add A, and A, and divide by 


2 to get A; 38207.09603 - , 
Let N* be any positive number whose square root, N, 
(This is a root to 10 places, we seek to approximate by this “averaging” method 

the limit of the machine, and Let A, N + x be our first approximation, i.e., the 
is certainly accurate to 8 or 9, “guessed” value of N. (x may be positive, negative, or 
possibly 10 digits) zero, but once built into our first approximation A,, it 
remains fixed for the succeeding steps. ) 
Example 2. Then the method gives a second approximation 
Now suppose we had no table to start with. By in- ; 
spection the root starts with the digit 3, and nearly 4 A N/A 
Although we could “guess” closer let’s take 40.000 as the 
first approximation, A, 


Stage 1 
a. Divide the original numbe: Substituting for A,, A. and simplifying, we find 
by 40,000 to get A. 36494.55468 


l 
b. Add 40,000 and divide by 2 f N : : | 
to get i 38247.27734 | (x/N) 


Stage 2 
a. Divide the original number 
by A, to get A, 38166.95694 
b. Add A, and divide by 2 to get f 38207.11714 
(So far we do not know how 
re than two digits , _ 7 
Continuing the process, the fourth approximation is 
A, N 
the original number and the fifth approximation is then 
38207.07492 
A (A A,)/2 


» by 2 to get d 38207.09603 


at least 6, 


a. Divide the original numbe Ysa ee) a ee dele) T 


by A- to get d 38207.09604 


b. Add A; and divide by 2 to get As 38207.096035 VA nd Y — I A I j Y 


(Root is correct to 9, pos- 


gives you as many counters 
as you need for control 
of product-uniformity 


sibly 10 digits.) 

Example 3 
An odd nun ber ol dec imal places and a de ein al point 
give no trouble. Suppose the number is 14597.82187 Production figures by 
Round it to 14600.00000. i.e.. (146) (107) types ot units compara- 
tive test results inven- 


4 tories, estimates, traffic and 
é first approximation is 
Yt 


: quality conti || checks 
clearly A, 120.0000 


basic business data of all kinds is readily obtained with 

b. Divide the origi numbe1 Vary-Tallies that are assembled to your 
by A, to get — 121.64852 exact needs. Spacious key on each counter 
Add A, and A, and divide by makes ‘“‘keyboard counting”’ easy, fast, ac- 
2 to get f 120.82426 curate. For bulletin and prices, write 

VEEDER-ROOT INC. 


Stage 2 
HARTFORD 2, CONN. 


a. Divide the original number 
by A, to get A, 120.81863 

b. Add A. an y i ge d 120.821445 
Stage 3 
a. Divide the original number 

by A, to get A, 120.8214474 
b. Add A. and divide by 2 to ge y 120.8214462 

(This is correct to 8 or 9. 

possibly 10 digits.) 
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Substituting for / A, and simplifying gives For example, suppose that in A, the x is as large as 
5 percent of N. Then x 0.05 N, so we are led to 

(A N) (125) (10 °N) 

(A N) =(7) (10‘N) 

(A N) (25) (10° '™*N) 
Practically, of course, these relations are of little value 
because we don’t know N, but they do give a specific 
insight into the rapidity of convergence even with as 


x" 


1(N + x) 


large as a 5 percent error in starting the process 
In practice, of course, one continues the process unti 

the observed agreement between A,,, and A,» is 

exact to the accuracy desired for the root. Thus, in 

Example 1, note the agreement between A A,, and 

in Example 2, that between A- and Bis. or between 

A, and Ax. If the capacity of the machine is not sufhi- 

cient to yield the agreement sought, then A, was chosen 

; x* far from N to give the desired convergence within 
n 8N(N + x) he limits of the machine, so a new A, must be chosen 
N and the process repe ated by beginnings 


WW hen¢ e 


Continuing the method one step further gives this better choice of A 
A. N2/A M. E. W 


RHYME, RHYTHM, AND REASONING 


A, ) Statistical quality control and its sper ialized terms some- 

es send engineers into the realm of rhyme and ri ythm 

: The stanza-ed product below is the cons dered output of an 

Again, substituting and simplifying yields engineer who recently completed a course in quality control 
d san pl ng in the Quality Assurance Department of the 

N x" Bell Telephone Laboratories. The author, Mr. W. Kuhn, is a 

" Ri N i x) ON( N i x) : Men - r of oe Staff of the Laboratories Names quoted 

Ip) , te structors 


QUALETROL PROBATISTICAL 


The laws of probability, 

Require mentiligility 

Out beyond the normal 
And matters mathematic: 

D | l t ( . | Erratic and statistical, 


8(N x) [2N(N 


x! 


All have thoughts my v: 
1x A standard deviation, 
ND N2D: Is some mystical relation ; 
Say between an average X and its prime 
Which proves that two lead nickels 
F other worthless shekels, 
ND N-D is a ten cent silver piece are worth a 
hen curves have shape symmetric 
nigniy probabilic: | 
“e- at the skewness factor k will 
oX it this useful bit of knowledge 
ND Not often taught in college 
. Was unknown when Rome was run 


xs To make a good example, 
N + - You must take an ample sample 
32N(N+x)* [2N(N + x) + x With a proper rat-i-o of n and N 
a You should know your p’s and q’s, 
lhe stopping points in this process are at A., A,, A, Or I have for you some news 
Looking at these we see that Your equation won't be worth a we 
, oe If you tend to subjects arty, 
(A N) x*/2N You'll prefer statistics charty, 
With a zig-zag line to show the ran 
4 , But when making calculation 
\ . There must be the stipulation 
That your R is surely written with 
x5 We must catch each dereliction, 
(A I - In our quality inspection, 
32N(N x)* [2N(N + x) 4 All our products must be rid of nonconform 
Let them carefully detect 
The analysis could be carried further, but the algebra Each and every small defect 
= Every error which may give a poor performance 


required to do so becomes formidable. Even after only ; 
‘ In too-long examinations 


i ; ; Mine were minus deviations 

and N must be extremely good if x is small relative to N Which just shows my mind is surely in a 
On a calculating machine one can readily carry the If they take my d sub u 

And divide the thing by two 

Then I may alas just pass-I hope-I guess 


three stages, we see that the agreement between A 


process through as many stages as the machine will 


accommodate. Obviously, the smaller we can make x te 
To me a sigma 


in the first approximation, A, N + x, the faster will Is still an enieme 
S SuUili é > & « 


be the convergence to an accurate approximation for 
j ed ie N PI . But here’s to Dodge, M. Kruger and Miss Torrey 
the desired square root, I They tried—to their undying glory 
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SUPERVISOR'S 
CIRCLE pA A S00, 


Gruen Watch Company, Time Hill, Cincinnati, 6, Ohio 


TV System Assists Quality Control in Airframe Spotwelding 


Closed-circuit television has re- ma O 
placed the human eye in watching ne” 
structural spotwelding on the under- 
side of large aluminum panels of the 
KC-135 jet tanker-transport skins. 

At the Ryan Aeronautical Company, 
San Diego, California, a small TV 
camera staring untiringly—and with 
electronic accuracy and clarity—at 
the welds, transmits a magnified re- 
port via coaxial cable to a 17-inch 
monitor screen at the side of the 
welder. No longer must a human 
“bird watcher” be stationed beneath 
the welding platform to assure the 
highest quality; at a glance, the single 
operator now sees the condition of 
both top and bottom welds. 

Because of the heat and pressure 
necessary to accomplish spotwelds, 
the copper alloy welding tips soon 
pickup aluminum from the ‘clad’ — 
an outer layer of pure aluminum 
which covers the harder alloy core. 
Since clad is the protective coating 





which prevents corrosion of the metal, 
it is important in aircraft manufac- 
ture that this “pickup” be kept to a 
minimum and both welding electrodes 
cleaned when the deposit becomes 
noticeable. Through the use of tele 
vision, the welder now can stop the 
moment the first sign of electrode 
pickup appears on the screen. 

The TV camera, set up on an arc 
with simple bracketry, moves to co 
incide with the longitudinal and cross 
wide motions of the panel. Remotely 
powered, it is operated by a flip 
switch and follows the line of welding 
in any direction. Two lenses provide 
either detailed close-ups of each 
spotweld or wide angle views which 
enable the operator to remove his 
work from the narrow clearance be- 
tween the welding tips without bump- 
ing. A combination of fluorescent and 
incandescent floods are used to assure 
proper lighting without reflection 
from the aluminum panels or spot 
welds. 
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What's New? 


When mquitring about 


What's New?” 


~—> 
= 








The Profilometer Ts LC Trace 


finish in '%4 


for measuring surfa 
inch diameter holes to a depth of 6 
announced by the 
Micrometrical Manufacturing Co., 
345 South Main Street, Ann Arbor, 
Mich. The Type LC Tracer is also 


available in longer or shorter lengths 


inches has beer 


depending upon the requirements of 
the job. Full details and specifica- 
tions are given in bulletin LT 131 
available on request from the manu- 
facturer 

x * 


Al } inch Measured Travel Co- 
ordinate 5 useful for precise 
measurements and adjustments, is 
announced by Stocker & Yale, Inc., 
Marblehead, Mass. The new 


designed primarily for use with the 


stage 


company’s lines of optical compara- 


28 


tors, may also be used with micro- 


scopes or otne! means ol optical 
observation. Accurate measured co- 
ordinate travel in the 1 xX 6 inch 
provided by means of 


range IS 


hardened and ground preloaded 
precision ball V-ways Readings are 
made on a choice of micrometers of 
0.0005 inch increments or 0.0001 inch 


increments. Two 2.000 inch and one 


1.0000 inch size blocks are standard 
equipment and provision is made for 
blocks in the stage 


Helix adjust- 


storing the size 


base when not in use 


ment with locking device is stand- 
ard equipment and provides rota- 
f 15 degrees right 
The top surface of 
the stage is flat with a series of 8 


tional adjustment « 
and left of zero 
holes to aid in 


tapped fixturing 


Dovetail plates, designed to fasten 


ROY A. WYLIE, Editor 


tems, please mention INDUSTRIAL QUALITY CONTROL 


to the stage and to accommodate 
standard fixtures now on the market, 
are also available further increasing 
Fou! 


tapped holes in the stage base pro- 


the fixturing possibilities 


vide mounting 


, 
means 


ss a 


A new boresce Dp av 
ox Instrument Co., 2010 Chancello 


Pa permits 


veloped by Len- 


Street Philadelphia 


complete internal ins on of tanks 

' ' : 
vessels combustion chambers and 
other equipment by means of an 


adjustable mirror which can be con- 


trolled by a handwheel to permit 


scanning trom ! ro ive througn 


right angle oblique 


The larger field 

this instrument makes it easi 
flaws, pits, cracks o 

oration The Ler Ox borescope 


10 powel a 


f 


a magnificatior 
of vision 9 inches in diameter at a 
distance of 24 


viewing head 


inche S 


ameter 100 watt lan 
tion. Modifications of 
ment to meet speci 


can be made 


ee 2 @ 


The Learcal Division of Lear, Inc., 
3171 South Bundy, Santa Monica 
Cal., has developed a new type 

Gyro Drift Recorde: 


indicating and 


capable o! 
tecting recording 
with extreme accuracy the minute 
increments of drift characteristic of 
modern 


produces a pape! 


gyros It 


high-precision 
chart which re- 
flects only the drift and random dis- 
turbances The machine ig 

Scorsby 


motion, dither an 


cyclic motions remaining 
highly sensitive to drift and random 
disturbances, and provides an accu- 
rate permanent record of the mean 
shaft position of any mechanical de- 
vice that is subject to a gross sym- 


The pen 


deliberately limited to a rate of 


metrical motion motion is 


degrees per minute, resulting 
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Do You Have Trouble | 
Keeping Track of 
Your IQC's? 


Now Industrial Quality Control can become an at- 
tractive and permanent part of your business or 
home library. 


These famous Jesse Jones files are especially de- 
signed for /ndustrial Quality Control to keep your 
copies orderly, readily accessible at all times. Guards 
against soiling, wear, tearing and misplacement of 
copies. 


Each file box will 
keep a complete 
Volume—12 issues 
—of IQC in perfect 
condition. ... 


Back Volumes from 
I-XI will fit into 5 


hile boxes. eee 


No irritating wires 
to handle Each 
copy can be readily 
removed. 


These durable files 
(will support 150 
lbs.) come in Light 
Blue & Gray Kivar 
Cover. Looks and 
feels like leather 
and is washable. 
The 16-carat gold 
lettering makes it 
a fit companion for 
the most costly 
binding. 


Reasonably priced, too. Only $2.50 each, 3 for 
$7.00, 6 for $13.00, Postpaid. Add $1.00 postage 
for orders outside U. S. Satisfaction unconditional- 
ly guaranteed or your money back. 


For prompt shipment of these attractive files, use 
coupon below. 





Jesse Jones Box Corporation, Dept. 276 
P. O. Box 5120 
Philadelphia 41, Pa 


Please send me postpaid, files for Industrial Quality Control 
1 enclose Bill me 


Name 


Address. . 
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Several of your home appliances 
probably were gaged with Comtorplug 


« Precision Internal 
x 


\ 


5 Gage 
~ - SIZES FROM 
ay _ — 1/8” to 10” 


AND LARGER 


COMTORPLUG. interchangeable expanding plugs gage 
simple or special bores from “se” to 10° diameter. 





UNIQUE ADVANTAGES 


e Large dial with .¢ i” grad positive accuracy 
stior 
bench, lab 


Anybody can use Comtorplug with 
at machine, 


inywhere, since ms 


u 
| actua a» fixed 
os to 9 reading 

Pp 


P 


inencumbered by wires, hose, heavy 
base or electronic gear. The same 
amplifier fits all plugs and fixed 
readings show ACTUAL SIZE, front 


or back tapes, ovality, etc. Whatever 
problem bore you have in mind, 
COMTORPLUG may be the answer 


t 

sap 

e Reaches to bottom of blind 

holes 
itl gage work in the ma 

chine 

A shop tool for all-day every 


80 Farwell St. 
WALTHAM 54 











day use 
MASS. - 


GET THE FACTS — REQUEST BULLETIN 50 





~ Now ies 


in one compact |2-page reprint you can get 
the ANOVA material published in the 
August, September and October issues of 
1QC for quick and easy reference. 


“Fundamentals of Analysis of Variance” 
by Charles R. Hicks 


45c per copy 


Discount for Bulk Orders: 10% for 10 or 
more copies; 25% for 50 or more. Postage 
paid when remittance accompanies order 








ASQC, 161 W. Wisconsin Ave. 


Milwaukee 3, Wis. 


Send me copies of “Fundamentals of Analysis of Variance.” 


Amount $ Enclosed [) Bill me [1 





Name 


Address 








accurate plot of mean position, in- 
cluding extremely low velocity rel- 
ative motion, while ignoring cyclic 


motional velocities of unlimited am- 


plitude, occurring at rates as low as 
l cycle per minute A 10-degree sec- 
tor of shalft rotation is plotted across 
2 inches of chart w idth, and the chart 
the pen at 12 inches 

The paper is imprinted 


scoring at each degree 


ighter scoring appears at 1/5 
als Heavy scoring Oc- 
nute intervals with 1/5 

ls more lightly indi- 


intervals are also 


* * 


head with 
testing rotating 

strume! vithir extremely close 
limits has been announced by Path 
Engineering and Machine Products 
of Santa Monica Calif The unit 
designed to test any device 
d vertically and sup- 
such as 
resoivers, potentiometers 
and induction pots 
non-accumulative 
can ve introduced by 
rees caused by shaft run-out. Dual 
dex marking, clockwise and coun- 


clockwise permits testing in 





Statistician 


Challenging salaried position for an 


industrial statistician in our newly 
reorganized quality control division struments which rotate positively in Simultaneous testing with individ- 
Prefer chemical education and ex either direction. The indicator on a ual adjustment of standard and 
perience in chemical manufacturing mounting arm measures in thou- unknown 

+ ] * | ] — ’ . . . . 
Must have thorough working knowl sandths, which is Cire ctly converted i + 
edge of advanced statistical methods to minutes, Angular errors are dis- 
to be able to work as statistical con played directly and rotation from The Alpha Molykote Corp., 65 Har- 
sultant to chemists in product re 0 to 360 degrees can be checked by vard Avenue, Stamford, Conn., has 
search division Statistician wil! be making only 10 settings The new described in Bulletin 106 the Alpha 


* 


fully responsible for recommending divider head is a complete testing Lubricant - Friction - Wear Testing 
»xperimental designs to chemists and unit, measuring 8 inches square and Machine. The machine is a compact 
engineers and to aid in the interpre- 8 inches high over-all, but can be unit for testing dry and liquid lu- 
tation of data. Statistician will also adjusted higher for testing large bricants, friction and wear charac- 
set up sampling plans, determine units. Units may be mounted top teristics of various materials. In 
probabilities and risks, design con and bottom, “back to back”, fo operation, a stationary rectangular 
trol charts and management reports 





Permanent location in Chicago, Illi- 
nois with some travelling to manu- CHEMICAL DIVISION 


facturing plants. Liberal company W. J. Chelgren, while still acting as General Chairman of the First Annua 
benefits Reply should give details Fechni il Conference to be held in Philadelphia October 18-19, announced th« 
of work experience, education, and following committee api ointments 7 
Ire isurer Thomas P. 4 illan Jr 
Arrangements Richard N. Selvig 
Program Hillman C. Harris 
. . Publicity H. Mack Truax 
Simoniz Company Re gistration Tl omas |]. Morar 
2100 Indiene Av lransactions | Kenneth H. Horowitz 
. enve Following W. J. Chelgren’s transfer out of the Philadelphia area, Hillman 
Chicago 16, Illinois Harris assumed the duties of General Chairman 
Attention: Mr. Vaughn Hardy, One of the features of the conference will be a session on Bulk Sampling 
Personnel Manager co-sponsored by Committee E-11 of the ASTM. Ben H. Lloyd of Leetham, 
Simpson, & Lloyd, Ltd., Montreal, is representing ASTM in planning the session. 


salary history 
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test block is pressed with a prede- | 
termined load (maximum 630 Ibs.) 
Timken ring 


against a rotating 


Bearing pressures in the line con- | 
tact area between the rectangula: 
specimen and the rotating ring may | 
range up to 110,000 PSI. Resulting 
friction is indicated throughout the 
test by a dial indicator. A counter 


records the number of revolutions 
of the test specimen. One criterion 
in the test is where friction reaches | 
a pre-selected maximum. Fo! 

purpose a control pointer on the 
friction indicator can be set for any 
pre-selected value of friction and 
the machine will automatically shut 
off upon reaching it. In a substitute 
method, a thermocouple is imbedded 
in the specimen and a temperature 
recorder controller (not standard 
equipment) terminates the test 
when the temperature ol the test 
block reaches a previously set value 

~*~ * * 


A new bores ope developed by Len- 
ox Instrument Co., 2010 Chancellor | 
Street, Philade lphia 3, Pa., 


complete internal inspection of tanks, 


permits 


vessels, combustion chambers and 
other equipment by means of 
adjustable mirror which can be con- 
troWed by a handwheel to permit 
scanning from retrospective through 
ght angie to forward obliqut 
fie] ; offered by 
instrument makes it easier to 
detect flaws pits, crac ks or deteri- 
oration. The Lenox borescope gives 
agni 


an mynification of 10 pov ’ a held 


Q ; . 
¥Y inches in 





Correction Note 
ndebted to Dr. Aureli 
Italy for 
to two 


rtnwalte arti 


May 1957 iss 


ppe rs in 


sam section Th 
shor ld read 


m/F ( 


ars on p 58. Again, the 
rect formula has been used in 


the numerical Example 2 
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Buy blocks 
witha 
"Built-in” 


ELLSTROM CHROMIUM PLATED GAGE BLOCKS 
are guaranteed “minus nothing” from nominal size! 





that are actually “worn” undersize dur- 
ing manufacture before they ore ever 
used. Second, it gives you finer, more 


Here at last are gage blocks with a 
positive “built-in wear factor! The only 
blocks ever produced and priced as 
standard with dimensional accuracy 
unconditionally guaranteed to be within 
specified millionths on the “plus” side of 
nominal block size and minus “zero 
. absolutely nothing . . . undersize! 


practical accuracy... with the sure know!l- 
edge that every Ellstrom block you buy 
will start wearing toward its nominal size 
rather than away from it. And third, it 
gives you a guaranteed minimum wear 
This complete elimination of the con- factor equivalent in millionths to the full 

minus tolerance specified as standard 


ventional minus tolerance gives you, the 
sg for all other makes of blocks! 


gage block user, three new and ex- 
clusive benefits. First, it provides positive Write for descriptive literature contain- 


assurance against receiving new blocks ing complete price information today! 


DEARBORN GAGE COMPANY 


Measuring in Millionths for Three Generation 


22038 Beech Street « Dearborn, Michigan 


ELLSTROM 
STANDARDS 
DIVISION 


REPRESENTAT GHOUT THE UNITED STATES ANO CANADA 


““W''—WORKING ACCURACY BLOCKS 
Measured Length: + .000008"/— .000000" 
Parallelism: .000004" Flatness: .000004’ 


—SiE-Sigel aa! 
Gage Block 
p-Veteivig-les/ 
TUF Te tal (7 


“1"—INSPECTION ACCURACY BLOCKS 
Measured Length: + .000004”"/— .000000” 
Parallelism: .000003" Flatness: .000003” 


“L"—LABORATORY ACCURACY BLOCKS 
Measured Length: + .000002"/— .000000° 
Parallelism: .000001” Flatness: 000001" 





pressure amounts to 0.005 grams or 
approximately 1/10,000 of an ounce 
The extremely low gaging pressure 


distance inches, and has a 
viewing hea vith a 13/16 inch di- 
ameter 100 watt lan r illumina- 
tion. Modifica is f iis instru- is obtained through an arrangement 
to n pecific applications in which the sensitive gaging contact 

is raised and lowé red by a special 

type of wire. The has rapid 
response l hex is made to 
fl 


ictuate being alter- 


nately heated and cooled. To begin 
workpiece is 


Extremely delicate parts such as 


bellows, diaphragms, the gaging cycle, a 


and the 


now be measured without fear of 


light springs 
like can placed in position and the gage 


switc h turned to GAGE This applies 
As the wire heats, 


vacuum tube grids 


distorting them by means of a pres- heat to the wire 


sureless” comparator manufactured t lengthens and the sensitive gaging 
by Federal Products Corp. of Provi- 
dence, R. I This Ai 


Gage exerts practically no pressure wrk it establishes a circuit which 


contact moves toward the workpiece 


-Electronic / oon as the contact touches the 


on the workpiece—testing shows that ves the voltage across the wire 


NOW READY FOR PRODUCTION! he All-New 


America’s FIRST Supersonic Bomber 


Technical & Administrative Positions in 


QUALITY CONTROL 


Work consists of 
* Statistical Analysis and Programming 


* Reliability — Data reporting and 
Analysis 


* Quality engineering in Electronics, 
Functional and Structural Equipment 

* Quality engineering in chemical and 
metallurgical processes. 


. send resume of training and experience to: MR BR. TOUDOUZE 


CONVAIR 


FORT WORTH 


FORT WORTH, TEXAS 
CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 


Work in Ameri 
ind finest aircraft manufacturing facility 
production of the Supersonic B-58 
half-a-hundred other Air Force 
on hand. Enjoy l 
round climate, salary and empl 


that are toy the industry! 


TODAY 


wing i 


pleasant 


32 


allowing it to cool so that it con- 
tracts. This raises the gaging con- 
tact from the workpiece, breaking 
the arresting circuit so that the wire 
begins heating again. Once more 
the gaging member is lowered until 
contact is established with the work 
This action takes place so rapidly 
that it gives the impression that the 
contact is hovering over the work 
The gaging mechanism consists of a 
gage head connected by a frictionless 
motion transfer unit to the sensitive 
contact and by a plastic hose to a 
Dimensionair Air Gage. The move- 
ment of the sensitive contact causes 
a target face in the gage head to 
move against an air jet so that the 
movement can be seen on the Di- 


mensionair Dial 


Se 2 = 


The Electronic and Instrumentation 
Division of Baldwin-Lima-Hamilton 
Corp., 42 Fourth Street, Waltham 
Mass. has announced that printed 
circuits and transistors have beer 
used to give the new Baldwin Type 
N Indicator improved accuracy, life, 
Advantages obtained by 
are: (1) There is 
when the in- 


and range 
this construction 
no calibration erro: 
strument is used for direct readings 
with a full external bridge instead 
of a pair of strain ga (2) When 


the indicator is used as a preampli- 


fier with a standard cathode ray 
oscilloscope, visual indications of dy- 
namic strain can be obtained with a 
bette: 
range than could 


response and in a_ broader 
obtained with 
the previous model. Frequencies up 
to 300 cycles p second at ampli- 
tudes as high as 3500 micro-inche 
observed without 
apprec iabl istortion 3) Except 
for the batteries. are no ex- 
(4) The bat- 


teries last five times as long as they 


per inch can 


pendable components 


did in previous indicators, and they 
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cost only a third as much; (5) The 
Type N weighs only a third as much 
(nine pounds) as the Type M, is in 
a smaller case (10 inches high by 9 


inches wide by 6% inches deep) 
and requires no warm-up period 
Additional data on the Type N strain 
indicator can be obtained from the 


manufacture! 


To facilitate 
and worke! plant 
areas W h ere mac hinge I 
shuts off latural I vernead 
lights, the Sheffield 

proviaing a new series ¢ 

models of its Precisionaire 

Lights have been applied to five 
models of Sheffield’s standard 1-col- 
5-column Precisionaires and 


Micronaire, an 


» standard in testing « 


umn to 
new model 

fiber fineness ‘urther infor 

on the illuminated models of its Pre 


s may be obtained 


cisionalre alr ¢ 


from the Sheffield Corp., Dayton 1 
Ohio 


~*~ * * 


Macbeth Instrument Corp., Post Of- 
fice Box 950. Newburgh. N. Y. has 
announced the new Macbeth-Ansco 
Electronic Densitometer, Model 12A 
This instrument features direct read- 
ing in linear density scale, 0 to 4.0 
in color and black and wh 


; ' 
fundamental op 
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zeroing; separate zero ad- 


tronk 


justments 101 each color filte 


separate calibration circuit for re- 


flectance density measurements and 


transmission density measurements 
illuminated stage for sample pos 


tioning: filter holding mechanisn 


easy installation of additional fil 
includin interference filters 


instrument also incorporates 


node feedi photo multiplier 
circ it lol excell n 
sensitivity 1) is $985.00 for 


basic unit and the 


reflection 
l 


attachment is $195.00 ac d tion; 


7 * 
Tensile Teste: 
on and calibrate 
npact wrenches, has been an- 
by Skidmore-Wilhelm Co., 
Rd., Cleveland, Ohio 
built, 


| should provide 


portable 
with an 


lasteners Nha‘ 
, 
] 
1 


requiret 


eq ulppe a 


Precise measurement to 
0.0001” and 1 min. of arc 


Gaertner 
Toolmakers’ Microscope 


Here is a reliable, easy-to-use micro 
scope for precise measurement of piece 
parts, tools, dies, thread gages, templates, 
jigs, jixtures, etc. Ideally suited for mak 
ing a wide variety of precision measure 
ments and is especially valuable in re 
ducing rejects in production work 

With the Gaertner Tooimakers’ Micro 
scope you make direct, non-destructive 
measurements no contact, no distor 
tion, images are sharp and clear. It is a 
measuring instrument for inspec 
tion depts., gage labs, tool and die and 
model shops, industrial and research labs 

The Gaertner Toolmakers’ Microscope 
has been proven in use by U. S. Govern 
ment Gage Laboratories, and by prime 
contractors and their subcontractors 
With all parties using the same measur 
ing instrument, inspection procedures 
are co-ordinated and disagreements and 
rejects minimized 


hask 


Features that help you get 
HIGH SETTING AND REPEATING ACCURACY 


built-in rotary stage reads to 

throughout iH) range 
wverhang of stages 

precision-lapped lead screws with cor 


rd lirect uncomplicated opt 


Features that assure you of 
EASY, CONVENIENT OPERATION 


itly rotatable cro hairs in protrac 
peed ul neasurement implify 
y procedure 

ent location of ocular eyepieces for ease 


wsformer and plugs for all 


Modifications and accessories to 
MEET YOUR EXACT REQUIREMENTS 


adius template camera and spot 


fine motion focu variable 
tilable 
pecial measuring problem, our 
ntatives will be happy to consult 
rvice and engineering facilities 
ifacturer are alway immediately 


vailable to help you 
Write for Bulletin 147-56 
Designed and manufactured by 
The Gaertner 
I > > > ‘ = 
Scientific Corporation 
] 24 N one 7 Ave +] 14 | 








from 5% X 2% inches to 1% xX 4 

lj C t | F inches long. Accuracy is certified 
Qua ity On 0 ng neer over full scale reading to 2 percent. 
The Tensile Tester uses a hydraulic 
principle of operation, enabling the 
operator to make quick checks with- 
out special training. A screw is tight- 
have degree in chemical engineer ened in the tester with any wrench, 
5 and through hydraulic pressure this 
tension is transferred to the meter 
which reads directly in tension ap- 
plied. The instrument may also be 
used in making proper calibration 
settings on impact wrenches. Tests 


Challenging salaried position for ex- 
perienced quality control engineer 
to assist in setting up program for 
ovr quality control division. Must 


ng or chemistry with at least 
years experience or training in sta- 
tistical quality control in chemical 
industry. Some advanced statistical 
quality control work will be helpful 


Will be responsible to audit plant 
are made by tightening a bolt in the 


instrument with an impact wrench 
to suggest corrective action possibil and checking the impact wrench set- 


ities, to conduct in-plant training ting against the dial to determine 
whether or not the right tension has 


quality control procedures, to an 
alyze plant quality control records, 


program in elementary quality con 
trol, and to evaluate plant inspec been achieved 
tion effectiveness. Permanent loca 
tion in Chicago, Illinois with fre x * * 
quent travelling to manufacturing 
plants. Liberal company benefits A completely self-contained, port- 
Reply should give details of work able unit is now available for the 
experience, education, and salary proper application of dry Magnaflux 
history powder, from the Magnaflux Corp., 
7300 West Lawrence Avenue, Chi- 
Simoniz Company cago 31, Ill. The No. 58600 Powder 

Blower operates directly from any 
2100 Indiana Avenue air line and requires only 20 p.s.i. A 
simple adjustment controls the den- 
sity of the cloud of powder, and two 
push buttons permit selection of 
either powder or clean air. By hold- 


Chicago 16, Illinois 


Attention: Mr. Vaughn Hardy 
Personnel Manager 
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QUALITY CONTROL METHODS AND MANAGEMENT 


The result of the symposium held last fall at Drexel Institute of Technology 
and sponsored by the Philadelphia section is nine papers which comprise the 
“symposium transactions.” 


resent some of the quality control methods that are tools for 


These papers p 
present some management views on quality control. 


management and also 
Here are th subiects cove red. 


Statistical Quality Control in a Job shop 

A Dynamic Quality Training Program 

A Discussion of Some Simple Experimental Designs 

Some Aspects of the Regression Technique 

Decision Making-Facts, Fantasy and Fundamentals 

Quality Improvement Campaign 

Management Takes a Look at Quality Contro! (two papers) 
Quality Control Helps Solve Inspection Problems 


Copies of the transactions are available at $1.00 per copy. 





To order your copy, use the convenient coupon below. 


ASQC, 161 W. Wisconsin Ave. 
Milwaukee 3, Wisconsin 


Please send me copies of “Quality Control Methods and 


Name 


City Zone.... State 


ing the gun level and at a distance 
from the area being tested, the par- 
ticles gently flood the entire area, 
showing clear indications when 
cracks are present. The blower is 
compact and weighs only 2% pounds 
empty. It is simple to operate and 
has advantages over the shaker-type 
powder bulbs in that it is faster, 
covers a wider area, and distributes 
the magnetic particles evenly. The 
price is $95.00 and the unit is avail- 
able from stock 


> Ba 


NEW LITERATURE 


A new booklet on “Gage Labora- 
tory Instruments and Services” just 
published by the Sheffield Corp., 
Dayton 1, Ohio, features instruc- 
tions, specifications and a layout 
guide explaining how individual 
manufacturing plants may set up 
their own gage laboratories to meet 
requirements for closer and more 
convenient control of parts meas- 
urement standards 

Techalloy Company, Inc., Rahns, 
Pa., have made available procedures 
for a one-minute identification test 
for Monel, Nickel and Stainless Steel 
type 302, 304, 316 and 317. Called the 
Moly Test, it uses an electrographic 
method to determine the metal. 
Moly Test does not require elabo- 
rate equipment, is easily set-up and 
gives positive and accurate results 
in one minute. Equipment needed 
is a 6 volt dry cell battery, alumi- 
num strip, photographic blotting pa- 
per and spot reaction paper. Three 
solutions are used and their formu- 
las given. Results which determine 
the metal tested are explained. Com- 
plete instructions for Moly Test are 
available without cost from Tech- 
alloy Company, Inc 

Pratt & Whitney Company, Inc., 
West Hartford, Conn., has published 
a new, handy Select-Aire Chart 
complete with full listing of all pop- 
ular gage plug types, sizes and 
specifications as a time-saver in se- 
lecting and ordering the Air-O- 
Limit Plugs. The company is now 
able to deliver accurate Air-O-Lim- 
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it Gage Plugs in a wide range of 
popular sizes in just two weeks from 
the time an order is received at the 
Pratt & Whitney plant in West Hart- 
ford. Other types and sizes can be 
delivered in three weeks or less. A 
wide variety of plug blanks is car- 
ried in stock at all times and upon 
receipt of an order, it is necessary 
only to grind to exact specifications, 
harden and plate the plugs before 
shipping 

A new bulletin recently issued by 
the Testing Machines Division of 
Gries Industries, Inc., New Rochelle 
6, N. Y., covers methods and ma- 
chines for rapid yet “standard” 
Brinell Hardness Tests in routine 
production. The bulletin also states 
that it is now possible to see auto- 
matically the diameters of the ball 
impressions (as required by the 
“standard” 
Brinell 
machine for rapid production Brinell 
Heretofore motorized ma- 
depth 


specifications of the 
method) on a motorized 
testing 
chines have only shown the 
of the ball impressions 

Newage Industries, Inc., 222 York 
Road, Jenkintown, Pa., have pub- 
lished a four page folder illustrating 
and describing the many features of 
their easily operated, accurate, port- 
able, 30-ounce hardness testing in- 
strument which can be used in any 
position to test the hardness of any 
size, shape or type metal. 

In gaging diameters, _ it 
makes a big difference whether you 


screw 


twist the screw into the gage or the 
gage onto the screw. This fact is 
clearly illustrated in a new thread 


gaging booklet by Standard Pressed 


Steel Co., Jenkintown, Pa. The book- 
let points out that failure to observe 
these and other basic gaging tech- 
niques is causing industry to ac- 
cept misfit fasteners with resulting 
troubles in the assembled product 
or on the production line. Copies of 
the booklet are available on request 

Bulletin 1547A published by Con- 
solidated Electrodynamics Corp., 300 
N. Sierra Madre Villa, Pasadena, 
Calif Consolidated 
Electromanometer, a precision pres- 
sure measuring device for labo- 
ratory, field, or automatic process 
control. The device provides rapid 
high-accuracy pressure measure- 
ments which are extremely difficult 


describes the 


to obtain with mercury manometers 

Isotope Products, 1711 Elmwood 
Avenue, Buffalo 7, N. Y. announces 
the publication of a new bulletin, 
“Basis Weight and Moisture Control 
Systems for the Paper Industry 
This bulletin indicates the advan- 
tages to the paper maker of various 
engineered machine control systems 
The basic control systems using the 
Betameter for Weight and 
Aquatel for moisture control are 
outlined in the bulletin 

The Type 1810 Pulse Calibrator, a 
new instrument designed for accu- 


Basis 


rately measuring current and voltage 
pulse amplitudes, pulse durations 
and rise time, is now fully described 
in a technical brochure just pub- 
lished by the Electronic Instruments 
Division of the Burroughs Corp., 
1209 Vine Street, Philadelphia 7, Pa 
The four page brochure shows how 
the Calibrator operates, illustrating 
and explaining actual waveforms ob- 
tained from different applications of 





Product Education Service 


These advertisers provide educational information on their products, expand- 


ing the services of your journal, Industrial Quality Control. 


Their support is twofold. First they place the latest information on product 


development at your finger tips. In addition their purchase of advertising space 


supports your Society and this publication. Continue to advance your Society 
by using their products and services and encourage others to do so. They all 
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When writing or talking to advertisers to inquire about their products, always 
remember to say you saw their ad in Industrial Quality Control. 


Advertisers in this issue 
R. G. Boek Engineers 
Comtor ¢ 
Dearbora Gage C . 
Friden Calculating Machine Co., Inc..OB¢ 
Gaertner Scientific Corp.... } 
Lightning Calculator Co 
Lockheed Aircraft Corp 
Norton Lo 
Sheffield Corp 
Veeder Root, Inc. 


AUGUST, 1957 


Advertisers in previous issues of 
Volume XIV 
B. C. Ames 
Bell Telephone Laboratories, In 
Curtiss-Wright Corp 
Eastman Kodak Co 
Elliott Service Co 
Federal Products Corp 
Hughes Aircraft Co. 
Unit Process Assemblies, Inc 


John Wiley & Sons, Inc. 


the unit. Complete theory of opera- 
tion of the two sections of the Cali- 
brator, the Chopper Section and the 
Calibrator Section, along with the 


specifications, is included 





Correction in Board of 
Directors 


* 


Warren R. Purcell 


wder. In the July 

issue, page we displayed the 1957 
5S Be ird o Directors But ilas we 
goofed and a clerical error resulted 
in Warren Purcell not ap 
pe ining is Dh ol the Board 
Instead we d iw Gold 
| Repre 
Wie 

| 


or and 


thwait, wh 
sentative 


will 








00 YOU HAVE 
A QUALITY CONTROL 
PRESENTATION PROBLEM? 


QUALITY CONTROL AIDS 
ARE THE ANSWER 


Make your presentation 
more forceful and under- 
standable by the use of 
these aids. 


QUINCUNX 

.. This device permits your audience to 
visualize the creation of a normal dis- 
tribution pattern as well as the results 
of variables sampling. All beads are 
self-contained; nothing to drop out 
Done in attractive mahagony complete 
with zipper carrying case 


ATTRIBUTE SAMPLING DEMONSTRATOR 
Complete unit consists of transparent 
plastic container, opaque colored 
beads, and wood paddles permitting 
easy identification of beads at a dis- 
tance. 


SIMULTATORS 
.- To demonstrate control chart plotting 
and shift of distribution pattern 


Lightning Calculator Co, 
Box 6192 
St. Petersburg Beach 6, Fla. 
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YOUR Report of PROCESSING QUALITY LEVELS is SURE to reach the FRONT OFFICE when you use 
R. G. BOCK P. Q. SCOPES with the QUALITY INDEX of STANDARD CONFORMITY. 


for complete information address 


R. G. BOCK ENGINEERS — 905 No. Sheridan Rd., Peoria, Illinois 
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NOVEMBER JANUARY 
6-8 13-17 


4th Annual Western OC Conference New England QC Conference 
New England sections of ASQC are co-sponsors of the 


nierence sponsores intl 

onterence Coun¢ il 1 the venth new | ngland OC Conterence to be he ld Oct. 16-18 

on und San Franci » Ba the Stratfield Hotel Bridge port Conn The theme of the on 
t the Mark Hopkins Hots ference is “Quality control—the proving grounds for tomorrow's 


Bay Area « lity cont ideas 
1 1 be 1 at 


\ series of management s inars will LIME t initiating 


A 


the new manager conferee as well as enlightening those repeat 
in attendance. Seminar leaders are Leonard Seder, James 


H. Davidson, and Dorian Shainin. Messrs. Seder and Shainin 


well known quality control consultants and Mr. Davidson is 


il 
of statistical methods for Gen 


equally well known as manager 
eral Electric. As in past years, the number of participants will be 
| ed and will be uccepted by advance registration only 

For those n the research or engineering fields. three t 

three top speakers will be offered. Dr. Robert Lusset 
ibility coordinator for Redstone Arsenal, will pr 

torious unreliability of complex equipment.” Al 

) rold Dodg vein will be the topic “Control of complex assemb uch is 
Wittman, Frank Hunsicker D the subject of A. E. Aubin’s address. Mr. Aubin is chief quality 
Henderson, J. R. Adlord, K. R ntrol engineer for Royal McBee Corp. Ervin F. Taylor, Atomi« 


will present a topi 


I me 


! 
Lies 


R. J. Corlett. S. P. Cartwright Fuel Dept., Westinghouse Electric C« 
Smith, G. Judd, Pearson s not new but is a statistical expression 


W. Lindsay, Robert Stever ontrol intuitive sampling—“Discovery Sampling 


ide R. Weaver, CDR J. A. Barker, P. Finkel ost and accounting specialists will be within their “limits 
Harry Romig, Seymour Lorber, Silas wher C. Rosander, Internal Revenue Dept., presents “Quality 
Frank RK. Del Priore, W. G. lreson inles . | in accounting,” as well as when “Direct Savings fr 
rehan, W H. Lassen, Louis B Kahn lall cords 1S presented by I W Ellis { nited Aircratt 
Bruce, M. L. Lipow, D ’ plus other subjects and speakers make a diversified 
F. Heap n E. Ogden tram that should prove both beneficial and interesting t 
Robert nna uno personnel from all levels of manufacturing operations 
K ilpl v Registration blanks and i program Copy may be obt Lined ! 


Carl W. Nickerson. c/o Wentworth Institute. Bostor 


ot pre-statisti il qu 


JOSEPH MOVSHIN, Editor 


sibli 
Js: l, iography Assisted by the Editorial Committee, St. Louis seston, ASOQC 


9220 Old Bonhomme Road. St. Louis 24. Mo 


APPLICATION— Talk of the Month.” Organiza- PROVIDING IN-PROCESS 
METAL WORKING tional requirements for good QUALITY CONTROL FOR 
=n — — » een Quality Control are also indicated TRANSFER LINES, by George 

~oy meet ee R- PEG-BOARD QUALITY CON- Whitehouse, Vice Pres., Snyder 

ING QUAL Prod a : : XXII TROL, by Ralph B. Nottingham Tool & Engineering Co. (Detroit, 
noo — _ i-papaeaaenees cay Mgr. Quality Control Dept., Brush Michigan) p. 81 
n. 2, May, 1997) Electronics Co. (Cleveland, Ohio) - 

e Annual Q iality Con- » 78 ie importance ol in-proces 

Issue of Tooling and Where process capability is well gaging and —— S aoe 

It includes various gaging used are the subjects of 

. within the tolerance, but resetting . , ; 
s with Quality Con- this article. The need for design- 


ti ipject ncluding the follow- 
ay ’ it! possible to use a simple board 


may be required due to tool wear : 
ing in-process gaging in automati 

3a . equipment is stressed 
Wins - arrangement whereby process 
TOOL PROOFING: A MEANS OF hift an be detected to certain 100 PERCENT INSPECTION OF 
QUALITY CONTR( L t y A S predete rmined probability limits 12,000 SMALL MOTORS DAILY, 
Billings, Di ector, Quality Control As pieces are checked, they fill by Raymond J. Kramer, Quality 
Ryan Aeronautical Co. (San Diego spaces in the peg board according Control Megr., The Leece-Nevill 
California) p. 18 to their dimensions. When a num- Co. (Cleveland, Ohio) p. 87 

importance of tool control ber of high or low pleces exceeds 


| design as a means of con- the predetermined number al- noise 


Details of the performance and 


* ‘ 7 
inspection of small motors 


quality is stressed in this lowed, a change is indicated are given 
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AUTOMATED CONTROL OF 1 outlining this -point plan with specific parts and the meth 

GEAR QUALITY, by Ben F for progress, Quality Control is ods used for visual inspection [{ 

Bregi, Vice Pres., National Broach of the areas of consideratior certain details 

& Machine Co. (Detroit, Michigan) f ief paragraph describes the QUALITY—LOUD AND CLEAR 

p. $1 progress made in this area (Factory, v. 115, n. 4, Api 1957 
Quality Control system and p. 134) 

INDUSTRIAL MANAGEMENT A brief article describing a PA 


equipment tor gaging gears pro- 


duced on an automation line is MANAGEMENT POSSIBILITIES 
aves WITH QUALITY CONTROL 
TRAINING FOR EFFECTIVE METHODS, by Charles A. Bicking rere nig a Te 
QUALITY CONTROL, by W. J Mo valine Cantes’ Cetus Mo. defects as they occur 

Masser, Mgr. Quality Control Eng ~ ager Rececennsimany vw be INSURING ~ MEASURE MENT 
Service. Gen. Electric Co. (Sche- Te Coileiee te Wheinen RELIABILITY, by A. L. Izzarone 
nectady, New York) p 97 Falls. New York ; Dept. Chief, Machine & Test Set 

In this paper, the author out- (Forest Products Jr! Maintenance Dept (Western Elex 

lines the role of Quality Control Jan., 1957, p. 16-19) a Company Allentown Pa.) . 
as an overall means of producing Quality Control may be applied (Production, v. 39, n. 6, June, 1957 
a desired product at the right cost t : . p. 95-99) 

Quality Control is described as a 


measurement tool affecting all 


ystem whereby inspectors on 


{ ' 
nN 


automotive assembly line infor 


) a great many Industrial Man- iia , ; 
This article describes the work 


ol a Meters and Standards Sec- 
yn” at Western Electric Com- 
pany Allentown Pennsylvania 


agement problems and areas. Som 
eighteen of these are listed In- 
has ol he <« ; ] tk 1d ] 11 . 
phases I tne rganization and cluded are problems in the fields 
f 


providing a measure Of accom~ Personnel, Accounting, Sales, and 
plishment Inventory Control and Manage- 


ENGINEERING & EXPERIMENTS 


Works. The importance of assur- 


. ' ing that test instrument are re 
ment. Examples of this type of 


application of Statistical Quality 
SELECTION OF MOST EFFI- Control techniques are given in a 
CIENT EXPERIMENTAL DE- control chart for inventory control 
SIGNS, by Charles A. Bicking, and a percentage control of acci- product at instrument control 
Mer. Quality Control Branch, Re- dents. Bibliographies of some 47 toe +0 open na 
search & Development Div., The references are included QUALITY CONTROL—AUTO 


liable before judgment of the 
1 be made is indicated 


narts al used both for 


Cerbevendiem Co. Minewe Pelle SOME STATISTICAL CONSID- BAIS AND ASA 
New York ERATIONS IN WORK SAM (Production, v. 39, n. 4, Apr., 195% 
(Tooling & Production, v. XXIII PLING, by Richard W. Conway, p. (0-49) 


I l Ap! , 1957 p 119-125) Dept of Industrial & Engineer 
Administratior Cornell Univer- turing equipment requires inspet 
I 


High speed automatic manufac- 


“Most efficient” is defined in a 


] 


lities tl 1 kee 
statistical sense as the design in es See oe ep pee 


sity tion 


ss | 7 > wi ro The A-C § 
which the error variance is min- (Journal of Industrial Engineer sae D rrmeege ng A-< Spare 
imized From this. the author de- ing \ VIII n 2 March-April ug Jivision in Flint Michigan 


scribes the nature of good designs 1957, p. 107-111) ias developed automatic inspe 
ana presents examples of poo! de- Some of the statistical basis ar tion equipment which can sample 
7 ' Ls} ‘ . 2: : < , ho T 
signs in an experiment. Designs mathematical probability of heck 2,500 pieces per hour. Thi 
; six station rotary hopper feed 


involving many factors are also Sampling al iscussed 
i r i 


a scribed. Probability using the mechanism checks various dimer 


considered as the grouping 


. ] } } l < - f th ' s ( 
data nomial model is developed fror ons at each ol ne x tation 


the mathematical] expressions in These include such dimensions a 
MANAGEMENT & PERSONNEL, volved. Models for stratified sam- the OD of a round portion, ID's of 
GENERAL ing and for “non-independenc: everal shoulders and groove 
—_- , : width on a go, no-go basi Othe: 
THE NEW APPROACH TO ” automatic high speed gaging units 
Ql ALITY CONTROL by A. V MISCELLANEOUS are also illustrated 
Feigenbaum, Mgr. of Quality Con- MODERN AIR GAGES HOLD 
trol, General Electric Company SHADOWGRAPHS—FOR FAST THE LINE ON GAGING COSTS 
(Factory, v. 115, n. 3, Mar., 1957 ER, SURER INSPECTION, by by E. M. Procopio, Plant Supe 
p. 116-123) John C. Roche (Military Product intendent, Accurate Bushing C 
This article, in question and an- Chief Draftsmai an eonard § wood, New Jersey 
swer torn reviews the modern Gree (Design Enginee1 surndy Tooling & P1 
trend in Quality Control to a Corporation, Norwalk, Conr Apr.. 1957 
broads concept ol “Total Quality (Fact l ; 
Control The need for bette: p. 106-109) 


oduct 


trained personne! and the broader 
organizational implications of this ns} ion Ol vari Ss part l drilled bushing nside diamet 


approach are discussed. The eco- 


adie is of Quality Conteel — ee SAMPLING PLANS & RELATED 
in producing better quality at rOPICS 

lower total cost are considered neces in the Bibl LOW COST “MULTIPLE SAM- 
10-POINT PLAN FOR PROG- me eS Gute Conn PLING,” by Richard M. Jacob 

RESS, by Kenneth F. Leaman nese ect ae a eee Reliability Enginee: Defense 
American Bosch Arma _ Corp The Internation: istical Insti- Electronic Products Div Radio 
Springfield Mass. ) tute i national Jour t of 4 b ‘orp. of America 





. _ stract 
(Factory, \ i: Apr., 1957, eVects 


‘ ~ Industri 
84-531) 
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This article outlines the ap- ind concept of the “Operations 
plication of multiple sampling as Research” approach is described, 
established by RCA for certain along with the scope in applica- 
products Basically AQL’'s are tion and education. An outline of 
standardized It a great many a suggested curricula is given 
products Defect classification showing both general engineering 
based on AQL assignments are subjects and the specific subjects 

ltiple sampling plans are of “Operations Research.” 








na chart together with 


odes. Operating charac- POSITIONS AVAILABLE 

| various pians al Address all replies to box number references 
to: American Society for Quality Control 
Room 6197 Plankinton Bldg., 161 W. Wiscon- 
sin Ave., Milwaukee, Wis 


TRAINING & EDUCATIONAL 
PROPOSED PROGRAM FOR Quality Control Engineer—Minimum of 
GRADUATE STUDY IN OPERA- | °® Year experience mop og = a 
ouee we » neuen —— . amen spection methods, gage design, Statis- 
TIONS RESEAR( H AND SY S- tical Quality Control and Quality Con- 
TEMS ENGINEERING, by M. E trol procedures. Prefer graduate engi- 


ai 


Salveson, Consultant, Operations neer or equivalent. Please send resume 

Research & Synthesis Consulting including salary requirements to 
General Electric Com- Ronson Corporation of Pennsylvania 

Delaware Water Gap, Pennsylvania 


Journal of Industrial Engineer- 
ing, v. VII, n. 2, March-April POSITIONS WANTED 
1957, p. 101-106) Address all replies to box number references 
The enthusiasm and interest in SS P Hf one ape 
Operations Research” and “Sys- sin Ave., Milwaukee, Wis 
tems Engineering’ requires the 
development o: more trained per- Presently employed, Quality Control 
onnel in these fields. As back- Administrator, age 38; fluent in French 
and English; fifteen years in the elec- 
tronic field (radio, TV, home applian- 
ces, etc); five years in Quality Control 
“we . om Experienced in the design,Selection and 
World War II. The overall attitude administration of sampling plans and 


ound information, the history 
of “Operations Research” is briefly 


illustrated with examples from 





control charts and in the supervision of 
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personnel. Varied experience with the 
setting up and administration of statis- 
tically founded experiments. Will re- 
locate anywhere in Canada or USA 
B.S. degree; senior member ASQC. For 
complete resume, please reply to Box 
14B1 at the above address 


Analytical Chemist, 31, B.S. degree, de- 
sires position as quality control man- 
ager. Thorough knowledge of and ex- 
perience in statistical Q.C. and design 
of industrial experiments. Especially 
suitable for food, pharmaceutical, o1 
chemical industry. Please reply to Box 
14B2 at the above address 


CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising 1s limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 


stitution of the Society 


BERNARD HECHT 


Quality Control & Reliability Specialist 
Senior Founding Member, ASQC 
Planning ond Staffing 
Q. C. Organizations 
Training in Statistical Methods 
Quality Assurance Programs 
5410 Wilshire Bivd. Los Angeles 36, Calif 
WEbster 8-012! 











Management Coatel, 


FOUNDED IN 1945 
References and Literature on Request 


Senior Partner: 699 Rose Ave. 
W. E. JONES Des PLAINES, ILL. 
Fellow, ASQC Vanderbilt 4-6533 














Consulting Services in Quality Control 
RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge Telephone 
Chappaqua, New York Chappaqua 1-0715 








Quality Control Consultant 


HARMON 5S. BAYER 
Fellow, ASQC 


1154 Book Building Telephone 
Detroit 26, Michigan WOodward 5-3796 








QC Planning Detect Prevention 
LEONARD A. SEDER 
FELLOW. ASQC 


267 HAWTHORNE ST 
MALDEN. MASS. 
MAlden 4-5446 


Organizing for Quality Training 











INDUSTRIAL QUALITY CONTROL 





Lockheed Missile Systems announces 


New positions in the growing science of reliability 


Left to right: C. S. Bartholomew, Reliability Staff Scientist, A. L. Hubbard, Santa Cruz Test Base Manager, J. H. Yueh, Polaris 
Reliability Administrator, R. P. Della-Vedowa, Test Laboratories Manager, and E. C. Hart, Production Engineering Manager, 


discuss system reliability as a function of component reliability 


Here is a field that assumes ever-greater importance in the 
technology of guided missiles. 


At Lockheed Missile Systems, reliability is stressed as a Positions are open on the Sunnyvale, Palo Alto and Van 
philosophy of operation —trom research to manufacture Nuys staffs. Those possessing a high level of ability and 
Increasing emphasis on reliability has created a number of interest in this expanding field are invited to address the 
new positions. Assignments are on weapon systems manage- Research and Development Staff at Sunnyvale 40, or Van 
ment programs of a most advanced nature and. include Nuys 28, California 


@ Establishing reliability requirements and goals on major 


research and development projects; 
/ 
evaluating reliability of designs; 4, /.f / 
F . . . / JA fe Jf 
analyzing effects of variations in component and/or param- i 


eters on system reliability; 
designing reliability tests of parts, components and systems MISSILE SYSTEMS DIVISION 


planning flight tests for environmental data; 
. LOCKHEED AIRCRAFT CORPORATION 
evaluating specifications, drawings and test procedures; 
originating and maintaining failure reporting systems, SUNNYVALE « PALOALTO +«- VANNUYS 
analyzing failure data; 
CALIFORNIA 
establishing quality control standards; 


establishing environmental criteria; 


developing new approaches to reliability 





~*~ lel SRW the fully automatic Friden Square Root 
.alculator. itis used today as the basic figuring tool in more and more 


statistical quality control operations 





In calculating a standard 
deviation. a coefficient of correlation. 


or standard error 


Square root a 


appears automatically 
when you touch 





be taken on Friden SRW kevboard 





loueh Square Root key correspond- 


Equipped with all automatic In all models, specialized or ing to position of decimal point in 
Friden Calculator features... standard, the Friden Calcula- ine wedtaseel 
the Friden SRW also offers tor is uniquely The Think- 
quickest, most efficient meth- ing Machine of American 
ods of calculating the arith- Business. It performs more 
metic mean and moving aver- steps in figure-work without 
ages, regression equation, in operator decisions than any 
computing the Chi Square. other calculating machine. 
For more information on the Friden SRW, use re- 
quest coupon or write on your business letterhead 
weeeewecewweseesesessscssccccccescsessy 
Friden Calculating Machine Co., Inc 
Dept. 1QC-857, San Leandro, California 


Please send Information Sheet on Square Root Calculator 
See root appear in dials. This figure 
N > 

— can be retained on keyboard if de- 
Company sired for further calculation. Need 
lilies for copying root is eliminated 


City Zone State 


| ett te ttt td | 
heeeeeee eae eee ee 


° e ao FRIDEN SRW provides 
qT] eC eh touch-one-key extraction 
PBs eB ose — a of Square Root for the first 


Talk (Integrated Data Proce 

is well as in automatic calculators uC 
machines producer of the COMPLTYPER 
the ADD-PUNCH®, the FLEXOWRITER 
Friden sales, instruction, service is available 
throughout the U.S. and the world 


equ . 
ind adding time on any desk calculator 





